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FOREWORD 

This  document  is submitted by the Space and Information Sys t ems  
Division (S&ID) of North Amer ican  Aviation, Incorporated,  to the National 
Aeronaut ics  and Space Adminis t ra t ion Manned Spacecraf t  Cen te r  i n  par t ia l  
fulfi l lment of the final repor t ing  requi rements  of Cont rac t  NAS9- 5017, 
" P r e l i m i n a r y  Definition Study for Util ization of CSM f o r  AES. " 

Repor t s  being submitted under the subject  cont rac t  a r e  l i s t ed  below. 
Data  resul t ing f r o m  subcontractor  s tudies  o r  provided by o ther  s o u r c e s  
ex te rna l  to S&ID a r e  included i n  the appropr ia te  volumes.  
urged  to r e f e r  to o the r  documents in  the final r e p o r t  s e r i e s  for  fu r the r  
information not contained in  this  document.  
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I N  TRODUC TION 

Th i s  document  d e s c r i b e s  the ana lyses  of p r o g r a m  e lemen t s  r e l a t ed  
and to the development  and to the planning of AES P h a s e  I mis s ions ,  

in tegra t ion  of the expe r imen t  payloads into those Apollo Block I1 CSM's 
designated for such m i s s i o n s .  
implementa t ion  of the  technical  activity d e s c r i b e d  in  the "Exper imen te r s  
Design Guide", SID 65 - 1536, and "Exper iment  Identification Descr ip t ions" ,  
SID 65-1537. 
SID 6 5 -  1571-1, " P r o g r a m  Cos t s  Supplement. 

P r e l i m i n a r y  p lans  a r e  defined for  p r o g r a m  

P r o g r a m  c o s t s  assoc ia ted  with these  p lans  a r e  p re sen ted  in  

The  p r o g r a m  management  approach  i s  der ived  f r o m  the AES o rgan i -  
za t ion ' s  mi s s ion  planning/ technical  definition relat ionship to the Apollo 
P r o g r a m  organizat ion,  with the l a t t e r  being respons ib le  for  implementa t ion  
of the m i s s i o n s .  
and in t ra -organiza t iona l  in te r face  and coordinat ion r equ i r emen t s  a r e  defined, 
m a s t e r  schedules  and management  p rocedures  developed, and P h a s e  I 

On this  b a s i s ,  organizat ional  r e spons ib i l i t i e s  and in te r  - 

P r o g r a m  plans ,  and their  implementat ion,  desc r ibed .  a 
Star t ing  with the top- leve l  P h a s e  I m i s s i o n  functional flow ana lyses ,  

the m i s s i o n  p a r a m e t e r s  a r e  identified and the development  and t e s t  r e q u i r e -  
m e n t s  e s t ab l i shed .  
the Block I1 CSM and the fabr ica t ion  of modif icat ion kits i s  defined, and 
the effect  of the  expe r imen t s  and CSM changes on checkout of the s p a c e c r a f t  
a t  Downey and KSC desc r ibed .  
the CSM and L E M  L a b  a t  KSC a r e  analyzed and planned. 

Manufacturing effort a s soc ia t ed  with modif icat ion to 

Using GAEC data ,  in tegra ted  opera t ions  of 

Support  planning covering facil i t ies r e q u i r e m e n t s ,  and the log i s t i c s  
act ivi t ies  re la ted  to expe r imen t s  payload in tegra t ion  support ,  suppl ies  and 
s p a r e s ,  expe r imen t  maintainabi l i ty ,  packaging and handling, s i te  ac t iva-  
tion, t ra ining,  main tenance ,  and technical data  provis ions  a r e  a l s o  p re sen ted .  

- 1 -  
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KANAGE3ZNT PLAN 

The basic NAS 9-5017 contract a c t i v i t y  defines the  AES CSM configuration 
f o r  the extended missions, and the associated program data .  
r e l a t i v e l y  short  time remaining p r i o r  t o  the  Phase I f l i g h t s ,  Addendum I 
s tudies  define these missions i n  s u f f i c i e n t  d e t a i l  so t h a t  long lead time 
development of experiments can be i n i t i a t e d ,  individual  mission plans can be 
generated, and support requirements ident i f ied .  

Because of the  

STUDY OBJECTIVES/BASELINES 

Study objectives were aligned t o  produce a de ta i led  analysis  of 
engineering and program def in i t ion  da ta  r e l a t i n g  t o  the  Phase I missions of 
the  AES Program. Detailed engineering analyses a r e  contained i n  the  mission 
descr ipt ion documents l i s t e d  below. The program analysis  contained i n  t h i s  
document i s  based on, and/or i s  i n  consonance with, the  following schedules, 
% I D  planning documents, ground ru les  and assumptions. 

Schedules 

Apollo Master Development Schedule - iNDS 8, Rev. 3 (Figure 1) 

U S  Development Operations Phase - Master Development Schedule 11-1 
(Figure 2 )  

AES Development Operations Phase - Master Development Schedule 11-2 
(Figure 3 )  

Planning Documents 

AES Master Program Plan (Preliminary), SID 65-lUC5 

AES Phase I Mission Descriptions, SID 65-1723 through 1728 

Apollo Support Plan, SID 62-702-1 

Apollo Maintenance Plan, SID 62-702-2 

Apollo Training P l a n ,  SID 62-162 

- 3 -  
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: 

Apollo F a c i l i t y  P l a n  

AES General Test P lan  (Preliminary), SID 65-lL!+8 

GAEC Phase B F ina l  Report 

Guidelines and assumptions more s p e c i f i c  t o  t h e  Phase I Experiment 
Payload Integrat ion Program AnaAysis are: 

SIC: block changeover point  i s  SC 114 as r e f l e c t e d  i n  Schedule 11-2 
(FiRure 3 )  

In-line factory spacecraft  changes w i l l  be made at Downey only t o  the 
extent necessary t o  s a t i s f y  Phase I missions long lead time require- 
ments. 

No spacecraft  changes w i l l  be made a t  Downey t h a t  will impact lunar 
mission objectives.  

CSM modification a t  KSC w i l l  be affected by use of modification k i t s .  

Phase I Nission Schedules 

By def in i t ion ,  Phase I AES missions are those u t i l i z i n g  Block I1 
spacecraft .  
11-1 (Figure 2) portrays turn-around time, processing time, and in-work 
spans f o r  assembly, subsystem i n s t a l l a t i o n ,  mission readiness checkout 
operations, and f i e l d  prelaunch operations f o r  each spacecraft .  I n  addition, 
booster launch da tes  a re  shown for reference purposes. 
fiaster Development Schedule r e f l e c t s  the  basic  pol icy of t h e  AES program, 
+ich states t h a t  maximum use be made of Apollo hardware and technology i n  
t h e  development of the  extended mission capabi l i ty  spacecraft  on a noninter- 
ference bas is  with the  Apollo program. 
displaying t h e  Apollo Block I1 program and del ineat ing the  e a r l i e s t  f e a s i b l e  
AES block change point at  SC 112. 

The Developnent/Operations Phase Master Development Schedule 

The r a t i o n a l e  of t h e  

This i s  c l e a r l y  shown on the  schedule 

A second version, the Development/Operations Phase Master Development 
Schedule 11-2 (Figure 3 ) ,  i l lustrates a l t e r n a t e  planning s p e c i f i c a l l y  t o  
MI, 65-1. On Schedule 11-2, the  alternate block change point i s  shown at  
SC lU+, u t i l i z a t i o n  of six Block I1 spacecraft  f o r  Phase I missions 
necess i ta tes  the  procurement of two addi t iona l  Block I1 vehicles  a f t e r  
I;pollo Spacecraft 112. 
although the  same l o g i c  and precepts w i l l  apply t o  t h e  four  Block I1 
vehicles  f o r  Phase I missions shown i n  schedule MDS 11-1 . 

This document w i l l  r e f e r  t o  MDS 11-2 throughout 

- 7 -  
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Experiment Integrat ion Mananement 

Experiment Integrat ion philosophy 

Schedule in te r faces  between t h e  experimenter and t h e  CSM contractor  
a re  i l l u s t r a t e d  i n  Figure 4. 
accommodating the experiment i n t o  the  CSM with minimum program impact. 
Some of t h e  earlier milestones a re  necessary t o  a f f e c t  proper CSM resource 
a l loca t ion  and control measures and provide f o r  smooth in t eg ra t ion  of t h e  
experiment i n t o  the Apollo program. A b r i e f  review of t h e  schedule 
i d e n t i f i e s  t h ree  categories  o r  cases of experiment accommodation: 
(1) experiments requiring in- l ine fac tory  major modifications of t he  CSM; 
(2) experiments requiring in- l ine factory p a r t i a l  modification of t h e  CSM 
with subsequent k i t  i n s t a l l a t i o n  of experiment equipment e i t h e r  during the  
CSM fac tory  checkout o r  i n  t h e  f i e l d ;  and ( 3 )  experiments requir ing only 
f i e l d  modification of t he  CSM and k i t  i n s t a l l a t i o n  of t he  experiment 
equipment. 

It shows major milestones i d e n t i f i e d  i n  

Present plans are t h a t  modifications t o  t h e  spacecraf t  (both CSM and 
LEM) t o  accommodate the  AES experiment missions and t h e  i n s t a l l a t i o n  of t h e  
experiment equipment, w i l l  be car r ied  out a t  KSC i n  order not t o  compromise 
possible use of the  spacecraf t  f o r  an Apollo mission (case 3).  
possible planning should be done before a r r i v a l  a t  KSC. 
dat ion k i t s  f o r  t he  spacecraf t  should be designed and manufactured. I n  
addition, experiment equipment in t e r f aces  wi th  t h e  spacecraf t  should be 
checked out a t  t h e  spacecraf t  cont rac tor ' s  f a c i l i t y  (case 2). Case 1 
represents  a worst case, where an experiment requi res  modification of some 
of t he  bas ic  CSM provisions and is  important enough t o  warrant d e f i n i t e  
commitment of the spacecraf t  t o  t h i s  mission. 

However, a l l  
That is, accommo- 

These three  categories  are predicated on c e r t a i n  l eve l s  of modifica- 
t i ons ,  and are re f lec ted  i n  the  schedules. 
cases follow. 

Brief descr ipt ions of t he  th ree  

In-line factory major modifcations a re  those t h a t  would requi re  addi- 
t i o n a l  new assembly and bond tooling, as w e l l  as d e t a i l  t oo l s .  
addi t iona l  tool ing would be required by the  CSM contractor  t o  support the  
reconfigurat ion of t he  command module secondary s t ruc tu re  t o  provide t h e  
capab i l i t y  f o r  accepting the  experiment packages. 
requi re  t h e  earliest d e f i n i t i o n  of experiments because of t h e  lead time 
required t o  support t o o l  fabr ica t ion  and d e t a i l  par t s .  
would requi re  major s t r u c t u r a l  changes i n  Sector I for incorporation of 
changes t o  outer s h e l l  panel and i n t e r i o r  arrangement f o r  support of 
experiment equipment. 
t o  accomplish deployment and e j ec t ion  of equipnent as  required.  

The 

This category would 

The serv ice  module 

It would a l s o  provide necessary subsystem equipment 

In-line factory p a r t i a l  modification with k i t  i n s t a l l a t i o n  would pro- 
vide a l imi ted  time f o r  CSM fabr ica t ion  of a few assembly and d e t a i l  t o o l s  
and templates necessary t o  incorporate experiment packages without a f f ec t ing  
secondary s t ruc ture .  Some modification of t h e  serv ice  module s t ruc tu re  i n  
the  a rea  of Sector I would be needed t o  incorporate minor provisions f o r  
experiment equipnent . 
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N O R T H  A M E R I C A  

Fie ld  modification by k i t  i n s t a l l a t i o n  means t h a t  no fabr ica t ion  of 
assembly o r  d e t a i l  t o o l s  t o  support experiment packages are required. The 
t o t a l  i n s t a l l a t i o n  would be accomplished during those periods i n  the  f i e l d  
operat ions t h a t  would r e s u l t  i n  su i tab le  phasing of t h e  in tegra ted  
operations.  

0 

A s  shown i n  Figure 5, Phase I Mission Vehicles a re  i n  some instances 
in te r leaved  with Apollo mission vehicles.  
o r  rou t ine  Apollo replanning, it m a y  be necessary t o  use a designated 
Phase I mission spacecraf t  f o r  one of t he  Apollo missions. 
it is  present ly  planned t h a t  any AES modifcation of a Block I1 spacecraf t  
t o  accommodate experiments in s t a l l a t ion ,  and the  a c t u a l  i n s t a l l a t i o n  of 
experiments, s h a l l  be accomplished after arrival of t h e  spacecraf t  at KSC. 
However, those spacecraf t  changes t h a t  e i t h e r  must be made ea r ly  because 
of lead time cons t ra in ts  o r  because of manufacturing sequence r e s t r i c t i o n s ,  
w i l l  be in- l ine factory modifications at Downey, providinq such changes do 
not  de t r ac t  from use of t he  CSM fo r  lunar missions. Other CSN changes w i l l  
be affected a t  KSC by k i t  modification as  described i n  the Logis t ics  Support 
Section. Analysis of those experiments i d e n t i f i e d  t o  date  ind ica te  
compatibi l i ty  with t h i s  approach. 

I n  the  event of contingencies 

For t h i s  reason 

I n s t a l l a t i o n  a t  KSC does not, of course, preclude the  need f o r  de ta i led  
experiment i n t eg ra t ion  design studies,  spacecraf t  modification k i t  and 
resultant fabr ica t ion  design planning and implementation; tes t  planning; 
mission housekeeping and experiment operation analyses; and experiment 
instal la t ion/checkout  implementation planning, s u f f i c i e n t l y  far i n  advance 
of spacecraf t  sh ip  da tes  t o  ensure Phase I mission success. 

Program Flow 

Figure 6 i l l u s t r a t e s  t he  Phase I Missions Program Flow showing program 
phased r e s p o n s i b i l i t i e s  between the NASA/AES and Apollo and S&ID/AES and 
Apollo organizations.  The complex i n t e r f a c e  of responsibiJit ies necessary 
t o  assure comprehensive implementation of Phase I Mission In tegra t ion  i s  
described below: 

The % I D  AES organization will provide NASA with mission plans support 
f o r  each Phase I mission, and w i l l  serve as a management-support- 
engineering team t o  the  Apollo organization r e l a t i v e  t o  i d e n t i f i c a t i o n  of 
requirements and planning f o r  implementation of NASA-directed changes t o  the  
bas ic  Apollo contract  f o r  in tegra t ion  of Phase I mission requirements i n t o  
designated Block I1 spacecraft .  The % I D  Apollo organization will implement 
Phase I AES a c t i v i t i e s  i n  the  same manner as cur ren t ly  contracted f o r  i n  
t h e  Land Landing Mission. This process will be i n i t i a t e d  by i d e n t i f i c a t i o n  
and preparation of per t inent  data  and recommendations t o  NASA by the  % I D  
AES organization i n  the  form of a d r a f t  Request f o r  Engineering Change 
Proposal (FZECP). I n  addition, appropriate NAA AES coordination with the  
Apollo organization w i l l  be accomplished t o  u t i l i z e  Apollo basel ine da ta  
and t o  advise % I D  Apollo personnel of po ten t i a l  forthcoming changes t o  the  
Block I1 spacecraft  designated f o r  AES Phase I missions. 
implementation of these requirements by the  % I D  Apollo organization w i l l  be 
a f fec ted  by the  NASA apol lo  program o f f i ce  a f t e r  t h e  t r ansmi t t a l  of the  RECP 

The o f f i c i a l  
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rloc.i~ment.a.inn from the  NASA AES program office. 

Phase I RECP Action 

Figure 7 portrays i n  fur ther  de ta i l  the  Phase I RECP a c t i v i t y  re fer red  
t o  i n  the  previous' paragraph. 
approval da tes  axe keyed t o  the  lead times necessary t o  implement secondary 
s t ruc tu re  fabr icat ion,  systems ins t a l l a t ion ,  t e s t  operations,  and f i e l d  
operations which w i l l  s a t i s f y  mission object ives  f o r  each designated Phase I 
spacecraf t .  

The required engineering change proposal (ECP) 

PHASE I PROGRAM PLANS 

The tasks  f o r  assembly, systems i n s t a l l a t i o n ,  test ,  and f i e l d  operations 
f o r  AES Phase I Block I1 mission spacecraf t  w i l l  be accomplished by the  
% I D  Apollo organization, as explained i n  the  previous sect ion,  e n t i t l e d  
ltProqram Flow." 
exh ib i t  I t o  Apollo Contract NAS9-150 w i l l  be used (modified as necessary) 
f o r  these Block I1 spacecraft  wherever possible.  
t i o n s  t o  present Block I1 program plans will be ef fec ted  by the  % I D  Apollo 
organization with the  management /engineering coordination and ass i s tance  
provided by the  % I D  AES organization. However, because AES Phase I mission 
object ives  a re  not included i n  the Apollo mission, mission descr ip t ions  (one 
f o r  each AES Phase I vehicle)  and a Block I1 basel ine GORP, having a 
supplement f o r  each AES Phase I vehicle,  w i l l  be prepared by t h e  % I D  AES 
organization. 
are shown i n  Figure 8. 

Consequently, t h e  Apollo program plans del ineated i n  

Any necessary modifica- 

These AES plans, t h e i r  a v a i l a b i l i t y ,  and f i r s t  implementation 

Brief descr ipt ions of t h e  AES plans fo r  Phase I missions a re  discussed 
i n  t h e  following paragraphs. 

Block I1 Baseline Ground Operations Reauirement Plan (GORP) 

Ground operation descr ipt ions and technica l  d a t a  i n  the  GORP encompass 
a l l  events and t a sks  required t o  ensure t h a t  spacecraf t  systems are operating 
wi th in  specif ied limits up t o  the point  of launch. 
contained i n  the  document provide a basel ine f o r  t h e  establishment of AES 
vehicle  and mission requirements f o r  t h e  preparat ion of operat ional  t e s t  
plans,  process specif icat ions,  and operat ional  checkout procedures. The 
GORP presents ove ra l l  engineering requirements f o r  ground operations 
subsequent t o  manufacturing completion, s t a r t i n g  with i n s t a l l e d  systems t e s t  
i n  Building 290, Downey, through launch. 
current  descr ip t ive  information is  included per ta ining t o  checkout and 
operations requirements, spacecraft  flow, and spec i f i c  sequences of 
accomplishment of these operations. Supporting f a c i l i t i e s  u t i l i z a t i o n  
descr ip t ions  a re  included f o r  v i sua l iza t ion  of t he  various operations.  

Ground operations da t a  

In support of t e s t s  and operations, 

GORP Supplements 

The GORP supplements augment t h e  basel ine GORP by def ining ground 
operations requirements oriented s p e c i f i c a l l y  t o  each AES f l i g h t .  
de le t ions ,  and modifications t o  the basel ine document a re  del ineated i n  

Additions, 9 

- 15 - 
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..* * ,.'& r 

consonance with the spec i f i c  vehicle  payload, subsystem, experiment in te -  
grat ion,  and mission requirements. 

Mission Description Documents 

A Mission Description Document, provided f o r  each AES vehicle ,  
describes overa l l  spacecraf t  (CSM and LEM Lab) mission plans and operating 
procedures subsequent t o  i n s t a l l e d  system t e s t s  a t  NAA s i t e s  through post- 
recovery. 
object ives  t o  del ineate  unused capabi l i ty  of t he  system. The vehicle  con- 
f igura t ion ,  including the  launch vehicle,  spacecraf t ,  and payloads, i s  
defined. Specific mission configuration, configuration aspects  of experi- 
ment i n t eg ra t ion  f o r  t h e  CSM and LEM components, as w e l l  a s  experimental and 
experiment support equipment associated with t h e  payload are described. 
Operational p ro f i l e s  f o r  launch, o rb i t ,  recovery, and abort  a re  included i n  
t h e  documents i n  addition t o  payload support requirements f o r  t rack ,  
r e l a t i v e  da t a  acquisit ion,  and crew operations and schedules. Ground 
operat ional  support requirements are specif ied,  including t ranspor t ,  launch, 
prelaunch, experiment checkout, mission control ,  and recovery operations.  
The mission descr ipt ion documents are the  working documents f o r  implementa- 
t i o n  of AES mission a c t i v i t i e s  and define operat ional  requirements and 
spacecraft  operating cons t ra in ts .  These documents will provide a bas i s  f o r  
establishment of mission d i r e c t i v e s  by NASA. 

These documents i d e n t i f y  the  primary and secondary mission 

- 18 - 
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CSN DEVELOPMENT AND TEST 

MISSTON DESCRTPTIONS 

A s  previously s ta ted ,  Phase I missions w i l l  use e s s e n t i a l l y  unmodified 
Block I T  vehicles  and w i l l ,  therefore,  be nominally of UC days o r  less 
duration. Experimental assignments f o r  each Phase I f l i g h t  were i n i t i a l l y  
provided by NASA t o  both S&ID and Gruman f o r  in tegra t ion  i n t o  the  CSM and 
LEM, and l a t e r  f i na l i zed  by t h e  Mission Planning Task Force, i n  which %.ID 
was responsible f o r  t h e  coordination and establishment of each of t h e  mis- 
s ion  plans. A primary ground rule r e l a t i n g  t o  CSM experiments i n t eg ra t ion  
prohibi ted modification of the  CSY except f o r  minor umbilical  and bracketry 
add i t  ions 

Descriptions of Phase I missions present ly  planned are  shown i n  F i g r e s  
9 through16 and summarized i n  Table 1. Vehicle designations a re  based on 
Development/Operations Phase MDS 11-2 (Figure 3 ) . 
objec t ives ,  mission duration, booster designations and spacecraf t  config- 
u ra t ions  a re  shown f o r  each f l i e h t .  Detailed mission plans are described 
i n  spec i f i c  mission descr ipt ions contained i n  SID documents 65-1723, -1724, 
-1725, -1726, -1727, and -1728, f o r  missions 211, 507, 509, 511, 214/215, 
and 226/277, remect ive ly .  

Experiments, mission 

Each experiment packwe includina self contained subsystems wi l l  be 
del ivered fl ight-ready f o r  i n s t a l l a t i o n  i n  the  spacecraft. 
t e s t i n q  and qua l i f i ca t ion  of t he  experiment package w i l l  have been conducted 
by the  experiment contractor  t o  assure fu l f i l lmen t  of mission objectives.  
The CSM contractor  may furn ish  mounting and thermal cont ro l  hardware, 
cabling, controls  and displays,  plumbing and ordnance devices required t o  
in t eg ra t e  the  experiment package w i t h  t he  spacecraft .  

Development 

FUNCTIONAL FLOW 

Fiqure 1 7  i d e n t i f i e s  t he  funct ional  flow of major operations t h a t  must 
S t a r t ing  block 1 l . O  be accomplished t o  achieve Phase I mission objectives.  

r e l a t e s  t o  analysis  and def in i t ion  of design requirements and fabr ica t ion  of 
hardware required t o  support t h e  mission( s)  i n  consonance with previously 
iden t i f i ed  experiment, payload requirements and spacecraf t  configuration. 

Flocks 10.0, 9.0, 8.0, and 7.0 encompass t h e  ground operat ional  
requirements p r io r  t o  l i f t o f f .  Following completion of assembly, checkout 
and prelaunch operations (Block 7.01, booster i gn i t i on  i n i t i a t e s  basic  
f l i g h t  operations (Block 4.0). 
p le ted  on o r  before descegt and toiichdown a f t e r  which the  performance of 
post-landinn recovery operations (2.0) and post-mission evaluation (1.0) 
complete t h e  mission. 
required t o  support f l i g h t  miss ion  (4.0) and recovery operations. 

Functional Blocks 3.0, 4.0, o r  5.0 a r e  com- 

Rlock 6.0 encompasses a l l  MSFW ground funct ions 
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Additional first and second l e v e l  func t iona l  flow diagrams relat ine:  t o  
test, acceptance, checkout and prelaunch a c t i v i t i e s  maybe found i n  t he  "Test 
and Operations" sect ion.  

Development Test ing -- 

Components f o r  s t r u c t u r a l  mounting of experiment packages i n  the  
spacecraf t  and f o r  connecting w i t h  Apollo subsystems would be developed by 
t h e  CSM contractor  f o r  each mission. Uniformity of hardware would be 
achieved wherever possible  t o  minimize development and qua l i f i ca t ion  t e s t -  
ing.  
respect ive CSM subsystem development plan (i .e. ,  s t ruc tu res ,  Guidance, 
Navigation and Control, E lec t r i ca l  Power System, ordnance, e t c . ) .  
l o g i c  and development phase schedule associated with each group of experi- 
ments would be included i n  t h e  experiment implementation plan f o r  each 
f l i g h t  vehicle.  

Testing of each type of component would be performed a s  pa r t  of the  

The t e s t  

T e s t  Levels 

Development i ssues  t h a t  must be resolved by t e s t  o r  by a combination 
of ana lys i s  and t e s t  would be resolved a t  t h e  lowest prac t icable  t e s t i n g  
level necessary t o  satisfy CSM design, construction, and q u a l i t y  assurance 
provisions.  Development t e s t i n g  includes s t r u c t u r a l  and dynamic tests of 
components o r  sect ions of components t o  determine o r  v e r i f y  s t rength  allow- 
ab le s  where design da ta  a re  not available o r  a r e  not d i r e c t l y  applicable.  

Components 

A l l  cables,  connectors, displays,  instrumentation, e tc . ,  would use t h e  
same materials ,  pa r t s ,  and design standards as those f o r  o ther  Apollo CSM 
appl icat ions.  Therefore, nc\ development o r  qua l i f i ca t ion  t e s t s  would be 
required.  The functional performance of these  items would be ve r i f i ed  i n  
manufacturing tests. 
attachment f i t t i n p ,  mounting brackets, access panels, e tc . ,  as required. 

Other compovent-level t e s t i n g  may be performed on 

Subassemblies 

Subassembly t e s t i n g  may include v e r i f i c a t i o n  and qua l i f i ca t ion  of 
r e l ease  mechanisms, a i r lock  mechanisms, ordnance devices, e t c .  Qual i f ica-  
t i o n  tes t ing  should be conducted a t  t h e  subassembly l e v e l  o r  higher f o r  
s t r u c t u r a l  and mechan; c a l  hardware required t o  support experiment, operations.  

Qua l i f i ca t ion  

CSb? subsystems such as s t ruc tu ra l ,  mechanical, e l e c t r i c a l  power, 
giiidance/navigation/control, react ion control ,  e tc . ,  may be modified t o  
account f o r  i n t e r f ace  requirements created by inclusion of experiments. 
Changes i n  environments generated by these  modifications may require  par- 
t i a l  o r  f u l l  requal i f ica t ion ,  depending on t h e  extent  of such chances. a 
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Covponents and subassemblies may be considered q u a l i f i e d  i?? cases where 
requirements a re  met because of similarity t o  previously q u a l i f i e d  CSM 
hardware. 

Integrated Tests  

Integrated system checkout and  t e s t i n e  my be performed on CSM ground 
tes t  vehicles  t o  demonstrate compatihil i ty of GSE with spacecraf t  and experi- 
ments and t o  demonstrate system performance and a b i l i t y  during s i m l a t e d  
mission sequences. 

Ground Vehicle Integrated Tests  

The presently planned schedules of Block I T  Apollo ground tes t  vehicles  
would permit t h e i r  use i n  t h e  experiment subsystem develooment i n  support of 
Block I T  spacecraft on which experiments may be i n s t a l l e d .  The t e s t  program 
may include ver i f ica t ion  of hardware form and f i t ,  i n s t a l l a t i o n  proceduws, 
GSE functions, equipment maintainabi l i ty ,  and integrated operations. 

Ground Operat ions 

Ground operat ions include t h e  i n s t a l l a t i o n  of experiment equipment and 
t h e  checkout and t e s t  procedures conducted on t h e  equipment after it is  
integrated i n  the spacecraft .  These functions must be integrated with 
Apollo program ground operations s o  as t o  minimize schedule impact and not 
i n t e r f e r e  w i t h  normal spacecraft  buildup and checkout. To t h e  extent pos- 
s i b l e .  operations required on the  experiment equipment w i l l  be conducted i n  
conjunction w i t h  p a r a l l e l  operations on t h e  spacecraft .  

Checkout Phi losophv 

Par t icu lar  e f f o r t  should be made t o  plan t e s t  and checkout operations 
on experimental hardware t o  minimize t h e  o v e r a l l  impact on t h e  up0110 pro- 
gram. 
c r a f t  systems and d o  not depend on t h e  i n t e r f a c e  between t h e  experiment 
equipment and the spacecraft  should be achieved before i n s t a l l a t i o n  of t h e  
experiment equipment. Checkout operations performed a f t e r  i n s t a l l a t i o n  
should be planned s o  t h a t  experiment equipment tests w i l l  be performed i n  
conjunction w i t h  similar t e s t s  of other  spacecraft  subsystems. 

Achievement of t e s t  objecti.ves t h a t  do not require  exercising space- 

Checkout procedures should not be designed t o  be dependent on use of 
spacecraft  GSE o r  t e s t  equipment unless p r i o r  concurrence has been obtained 
from the  Apollo CSM contractor  and NASA. Special  GSE required f o r  experi- 
ment checkout w i l l  be delivered t o  NASA and provided t o  t h e  CSM contractor  
as required. 

- .  T e s t  . _---. P r o e r e  

The t e s t  procram i s  divided i n t o  two phases. The first includes 
t e s t i n e  aimed at  development and q u a l i f i c a t i o n  of t h e  experiment and t h e  
second includes acquis i t ion of t e s t  r e s u l t s  o r  test, d a t a  generated during 
the  AES IlignTs. 0 Experiment equipment t o  be used during these f l i g h t s  must 
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be tested t o  ser-ffy t ha t  no loads o r  conditions a re  imposed i n  excess of 
those proved acceptable f o r  Block I T  missions. 

The type of extent of t e s t ing  depends on the  experiment equipment dsstgn, 
f.;?zt,itn drii-iiig t h e  mission, location i n  the spacecraft ,  and duration of 
operation, Tests  t h a t  might be required inciude parameter var ia t ions  ( inputs ,  
loads,  and internal  ), l i f e  and r e l i a b i l i t y ,  electromagnetic interference 
generation, electromagnetic interference suscept ib i l i ty ,  nuclear radiat ion,  
s o l a r  r ad ia t i  on, vibrat ion,  acoustic, acceleration, shock, vacuum and/or 
pressure,  temperature extremes and cycling, humidity, fungus, salt spray, 
and corrosive mater ia l  e f fec ts .  

- Ground Testrinq 

The purpose of ground t e s t ing  various items of equipment i s  t o  ve r i fy  
t h a t  the  items perform as  intended i n  t h e i r  operat ional  environment, t o  
qua l i fy  the  items f o r  use, and t o  v e r i f y  f l i g h t  readiness. The AES CSM 
General Test Plan de l inea tes  the  general  t e s t  requirements. 
ments f o r  spec i f ic  vehicles  w i l l  be described i n  the  individual  vehicle 
t e s t  plans. 

Test require- 

A13 experiment equjpment must be qua l i f ied  t o  show (within a confidence 
l e v e l  yet  t o  be establ tshed)  tha t :  (1) t h e i r  performance w i l l  not be degraded 
i n  t h e  planned environment (i.e., oxygen, rad ia t ion  and space, e tc . ) ;  and 
(2) t h a t  they W i l l  not adversely a f f e c t  mission success and crew safety.  
Crew safety is an espec ia l ly  important consideration. 
tes t  ground rules are established: 

The following general  

1. 

2. 

3 .  

The experiments t o  be in s t a l l ed  must be designed t o  be within 
system l jmi ta t ions .  

Minimum change w i l l  be made t o  any system housing experiments. 
Allowable modifications include i n s t a l l a t i o n  of t he  mounting 
s t ruc ture  f o r  the  experiments, e l e c t r j c a l  wiring and connection 
f o r  the  experiments, l imited controls  f o r  t he  p a l l e t  experiments, 
and the  minimal necessary in t e r f ace  modifications between CSM and 
lunar excursion modiile (UM) imposed by LEN experiment integrat ion.  

In te r face  t e s t i n g  w i l l  be required f o r  t h e  p a l l e t  and f o r  experiments 
on the  p a l l e t  t o  be ins ta l led  i n  the  SM. When it is  integrated with 
the  SM, it w i l l  be assumed t h a t  the  p a l l e t  i s  a self-contained u n j t ,  
t h a t  t h e  p a l l e t  s t ructure  and systems have been qua l i f ied  by the  
associate  contractors,  and t h a t  they meet AF;s mission reqvirements. 

Development Tests 

Design development t e s t s  should be conducted on materials,  components, 
p a r t i a l  experiment equipment, and complete equipment t o  determine i f  the  
se lec ted  design concepts and equipment a re  capable of s a t i s fy ing  the  
spec i f ied  design requirements and environmental c r i t e r i a .  
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Stmictural  tests will be needed t o  qua l i fy  load-carrying members t o  
withstand launch and prolonged 5.n-space powered f l i g h t  environments, and 
where applicable,  reentry and landing conditions. 

Environmental proof tests Will be needed t o  v e r i f y  t h a t  t h e  experiment 
equiment  items will nc?t be degraded i n  t h e  prolonged space environment and 
wi 11 meet performance requiren?en+,s. 

Integrated t e s t s  of experiment equipment operat ing with sjmulated 
spacecraf t  o r  ground support equipment inpiit and loads w i l l  be needed t o  
v e r i f y  t h a t  t h e  experiment equipment Wjll meet performance and compatibi l i ty  
requirementas when i n t e r a c t ?  ng with other  spacecraf t  and system elements 
(including ground equipment, telemetry,  i n f l i g h t  recorders,  e t c .  ) . 
t ion  is  explained under a subsequent s ec t  ion. 

Simula- 

Qiialif icati .on Tests 

Qua l i f i ca t ion  t e s t s  must be conducted on components and equipment 
fabr icated with the same tool ing,  processes, and procediires intended t o  be 
used f o r  production t o  assure t h a t  they a r e  capable of s a t i s fy ing  t h e  
requirements of t h e  applicable drawings, spec i f ica t ions ,  design require- 
ments, and environmental c r i t e r i a .  

SPECIFIC ATIONS 

During FDP, t h e  CSM contractor  w i l l  prepare the  following spec i f i ca t ions  0 
t o  e s t ab l i sh  the  performance and in t e r f ace  requirements: 

GFE Apollo CSM Performance and In te r face  Spec i f ica t ion  (Group A)  

GFE LE3.I Lab Performance and In te r face  Spec i f ica t ion  (Group A)  

GFE Experiment Equipment Performance and In te r face  Spec i f ica t ion  
(General Requirements). 

For t h e  purpose of  t h e  program: 

Group A equipnent i s  general ly  described as follows: brackets, 
e l e c t r i c a l  power, environment, weight, volume, e t c .  

Group B equipment would include the  var ious experiments design 
requirements (by experiment) , categorized t o  t h e  Group A requirements. 

U t i l i z ing  t h i s  method of categorizing Group A and B requirements Will provide 
t h e  capab i l i t y  of changing experiments, o r  groups of experiments, per mis- 
sion, with a minimum of modification. 
ment package should be the  i d e n t i f i c a t i o n  of t h e  f i n a l  point p r i o r  t o  launch, 
when each experiment could be i n s t a l l e d  with minimum dis rupt ion  t o  t h e  count- 
down (e.g., t o  minimize t h e  requirement t o  repeat  any port ion of t he  
countdown). 

Therefore, included with each experi- 
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Establishing the  ident i f ied  Performance and Interface Specif icat ions 
w i l l  provide the  capabi l i ty  of communication between the  CSM contractor 
and the LEM and various experiment contractors within the  confines of 
t h e i r  respective contracts.  Further communication at a d e t a i l  level is 
pr-uvided by In te r face  Control Documents (ICD' s) , providing t h a t  the content 
of the  ICD's does not a f fec t  tho Contract End Item Specif icat ions of the  
respect ive contractors  once the  requirements of the  P&I specif icat ions have 
been incorporated. 

-I__-- 
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MANUFACTURING 

The major manufacturing e f fo r t  expended i n  support of t h e  Phase I 
Experiment In tegra t ion  w i l l  be t o  provide f ab r i ca t ion  support of modification 
k i t s .  Since a l l  spec i f ic  experiment components w i l l  be i n s t a l l e d  at KSC, 
t h e  present Block I1 manufacturing i n s t a l l a t i o n  sequence w i l l  experience 
only a minor va r i a t ion  such a s  incorporation of addi t iona l  wires i n t o  t h e  
e l e c t r i c a l  harnesses and CSM umbilical t o  accommodate t h e  terminals reserved 
f o r  experiments . 

The areas  of t he  CSM requiring modification t o  accept t h e  proposed AES 
Phase I experiments have been ident i f ied  and t h e  scope of modification 
estimated. 
t h e  engineering design in tegra t ion  conceptual analysis .  

The basel ine f o r  t h e  manufacturing analysis i s  t h a t  defined by 

Since t h e  s t r u c t u r a l  and systems modification requirements for each 
f l i g h t  mission a re  s imilar ,  t h e  changes l i s t e d  i n  t h i s  study a r e  considered 
appl icable  t o  each f l i g h t  mission. 
only i n  F l igh t  211 would not negate the  above baseline.  
p a l l e t  mounting provision would be i d e n t i c a l  i n  a l l  se rv ice  modules. 

The present concept t o  i n s t a l l  t h e  p a l l e t  
The s t r u c t u r a l  

COMMAND MODULE 

The necessary controls  and displays f o r  t h e  numerous bio-medical 
experiments and t h e i r  components and astronomical experiments planned f o r  
t h e  Phase I missions will be housed i n  t h e  command module. The command 
module areas affected a re  t h e  lower equipment bay, r i g h t  hand equipment 
bay, and a f t  bulkhead storage area. 

The lower equipment bay af t  compartment, between t h e  g i r t h  shelf  
(approximately Xc=42.0) and the  ba t te ry  she l f  (approximately Xc=20) will 
requi re  an extensive equipment rearrangement (Figure 1 8).  Apollo Block I1 
equipment, such as  the  s c i e n t i f i c  equipment sequence camera, s t i l l  camera, 
f i l m  and tape,  rock boxes, e tc . ,  w i l l  be removed s ince they  a r e  not pa r t  
of Phase I f l i q h t  mission requirements. 
such a s  t h e  centrifuge,  electrocardiograph, impedance pneumograph, thermis te r  
assembly, v is ion  analyzer, accelerat ion chair ,  goniometer, in tegra ted  perfor- 
mance tes t  panel, electromyograph, e tc . ,  w i l l  be i n s t a l l e d  t o  perform t h e  
f l i g h t  mission requirements. To s a t i s f y  t h i s  rearrangement, t h i s  support 
s t ruc tu re  requires  modification. 

AES Phase I experiments equipment, 

The ex i s t ing  systems support s t ruc tu re  configuration w i l l  be u t i l i z e d  
A l l  new requirements w i l l  be designed t o  use t h e  present with no changes. 

a t t ach  provisions. 

Two new equipment shelves will be required i n  t h e  a rea  of t h e  Block I1 
rock boxes, and these  shelves w i l l  be fastened t o  t h e  present v e r t i c a l  frame 
without modifying the  a t tach  provisions. 
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As many as  t h i r t e e n  new equipment containers  w i l l  be required t o  house 
t h e  experiments components. 
sheetmetal  boxes. 

These containers a re  conventionalJy constructed 

T‘ne t,ooling  requirement,^ w i l l  include new d e t a i l  too l ing  and assembly 
j i g s  f o r  t he  shelf  assemblies and equipment. containers.  
nated t o  master tool ing,  are required f o r  d r i l l i n g  t h e  attachment hole 
pa t te rns .  

Apply j i g s ,  coordi- 

The r i g h t  hand forward equipment bay, between approximately Xc=55.0 and 
Xc45.0, w i l l  be modified t o  accommodate t h e  i n s t a l l a t i o n  of a tape  recorder 
and a Phase I experiments d i sp lay  panel f o r  housing the  various experiments 
cont ro ls  and disylays (Figure 18). To meet these  requirements, t h e  systems 
support s t ruc tu re  shelf  panel, located approximately Xc=65 .O, must be revised 
t o  add matchinn at tach holes f o r  i n s t a l l i n g  t h e  tape  recorder. The shelf  
must accommodate t h e  in s t - a l l a t ion  of the d isp lay  panel which has ro t a t ing  
and ad jus t ing  capab i l i t i e s .  

A s t ruc tu re  assembly w j l l  be fabr icated t o  mount t h e  experiments d i sp lay  
This assembly i s  designed t o  provide panel t o  t h e  systems s l ~ p ~ o r t  s t ructure .  

f o r  t h e  d isp lay  panel t o  be s tored i n  an Xc plane u n t i l  required i n  f l i g h t  
and then  be swung out i n  a Yc plane w h i l e  i n  use. 
ab le  inboard and outboard as needed. 

The panel will be adjust-  

A n  e l e c t r i c a l  harness rev is ion  i s  required t o  accommndate t h e  addi t iona l  
cont ro ls ,  displays,  and the  t aps  recorder. 

The tool.ing requirements w i l l  include conventional d e t a i l  t o o l s  and 
templates f o r  f ab r i ca t ion  of a l l  new d e t a i l  component.s f o r  t he  d isp lay  panel 
and mounting assembl-y, and rework o f  the she l f .  Additional requirements 
include master t o o l s  f o r  coordination of t h e  component a t tach  hole pa t te rns ;  
an assembly ji,p f o r  assembly of t h e  display mounting s t ruc ture ;  numerical 
cont ro l  t apes  f o r  machining t h e  systems support s t ruc tu re  shelf  and t h e  dis-  
p lay  panel p l a t e ;  apply j i g s  f o r  d r i l l i n 5  a l l  a t tach  holes: and j i g  boards 
f o r  e l e c t r i c a l  w i r e  harness assemblies. 

The aft  bulkhead storage a rea  will be modified t o  provide s torage f o r  
Phase I experiments such as muscle assessment assembly, spectrocolorimeter,  
refractometer,  e tc .  Additional sheetmetal s torage containers w i l l  be attached 
t o  t h e  aft bulkhead. 

The too l ing  requirements w i l l  include new assembly j i g s  f o r  assembly of 
s torage containers ,  apply j i g s  f o r  locat ing and i n s t a l l i n g  bracket a t t ach  
members, and d r i l l  j i g s  f o r  d r i l l i n g  at tach hole pat terns .  

SERVICE MODULE 

The AES Phase I experiments assigned t o  t h e  serv ice  module are housed 
i n  t h e  Sector  I region. 
w i l l  be self-contained. 
be t h e  CSM umbilical  requirements f o r  controls  and d isp lay  provisions. 

The basel ine c r i t e r i a  ind ica tes  t h a t  a l l  experiments 
Therefore, t h e  only changes outs ide of Sector  I W i l l  
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S t r u c t u r a l  and Systems Changes --- 
The service module Sector  I outer  panel w i l l  be modified f o r  each 

Phase I f l i g h t  mission t o  provide f o r  t h e  d i f fe rences  i n  mi-ssion assignments; 
however, ce r t a in  basic  panel requirements are appl icable  t o  a l l  mi ssions.  

The basic Apollo Block I1 panel configuration provisions,  including t h e  
panel a t tach  b o l t  hole pa t t e rn  t o  t h e  primary s t ruc tu re ,  must be maintained. 

The requirements f o r  a j e t t i sonab le  Sector  I outer  panel f o r  most 
Phase I missions necess i ta tes  t h e  addi t ion of a pyrotechnic separat ion 
system. 
of t h e  panel and an a t t ach  b o l t  hole pa t t e rn  i n  t h e  f i t t i n g  and panel. 
panel recess would be required i n  t h e  forward outer  corners t o  accommodate 
t h e  p a l l e t  attachment f i t t i n g s .  
required t n  include a r e l i e f  f o r  explosive separation. 
niunber of access doors would be necessary f o r  p a l l e t  experiment access- 
i b i l i t y  pr ior  t o  launch. 

T h i s  would requi re  a machined channel f i t t i n g  around t h e  periphery 
A 

A new edge member configuration would be 
I n  addition, a 

The tool ing requirements will include t h e  following: a new bond j i g  
and g l ide  sheets f o r  assembly of t h e  outer  cover panel, and new bond j i g s  
f o r  assembly of access panels; apply j i g s  f o r  d r i l l i n g  matching a t t ach  hole 
pa t t e rns  fo r  attachment of pyrotechnic separat ion system and access panels; 
master too l ing  t o  coordinate a t t ach  hnle pa t t e rns  and int,erfaces; d e t a i l  
t oo l ing  for  f ab r i ca t ion  of de ta i l  pa r t s ;  and p r e f i t  and t r im  j i g s  f o r  f i n a l .  
t r i m  of assemblies. 0 
P a l l e t  I n s t a l l a t i o n  and Eject ion P r o v i s i o x  

The service mcdule Sector  I mvst be modified t o  accommodate the  
i n s t a l l a t i o n  of the  planned Phase I experiments p a l l e t  which w i l l  house 
t h e  experiment components. 
i n  t he  s t r u c t u r a l  mcdifications (Figure 19). 

P a l l e t  e j ec t ion  provisions have been projected 

A machined p a l l e t  r o l l e r  support ra i l ,  machined explosive bo l t  a t t ach  
f i t t ing ,  and e j ec t ion  ram a t t ach  f i t t i n g  must be added t o  t h e  serv ice  module 
aft  bulkhead. These f i t t i n g s  w i l l  be bolted t o  t h e  aft bulkhead and located 
i n  accordance with t h e  p a l l e t  t h r u s t e r  e j ec t ion  assembly. 
exbendinq across  the  Sector  I i n t e r i o r  web w i l l  be added. 
include pickup socket recesses  i n  two places  t o  receive t h e  p a l l e t  9" Fabroid 
l i n e d  cone f i t t i n g s .  
se rv ice  module. 
and 6. 

A machined beam 
This beam w i l l  

Matched too l ing  w i l l  coordinate t h e  p a l l e t  t o  t h e  
Attach f i t t i n g s  w i l l  be bol ted t o  radial beams numbers 1 

Two machined f i t t i n g s  with pickup socket recesses  w i l l  be required i n  
These f i t t i n g s  w i l l  be attached by t h e  forward-outer corners of Sector I. 

b o l t s  t o  t h e  r a d i a l  beams. 
assure proper p a l l e t  and service module in te r face .  

Matched too l ing  will l oca t e  these  f i t t i n g s  t o  

Tooling requirements w i l l  include numerical cont ro l  t apes  f o r  machined 

0 f i t t i n g s ,  master tool ing  f o r  coordination of a t t ach  hole pa t te rns  and inter- 
faces ,  and apply j i g s  f o r  loca t ing  and d r i l l i n g  fittings and holes  i n  aft 
bulkhead and r a d i a l  beams numbers 1 and 6. 

4 
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S/M SECTOR I OUTER 7 

i PALLET ATTACH AND LOCKING 
ARRANGEMENT 

PALLET- VE N D OR FURN I SHED / 

0 

CANDIDATE EXPERIMENTS FOR 
SERVICE MODULE PALLET 

1 )  RADAR SCATTERING MEASUREMENTS 
2) TEMPERATURE SOUNDING OF 

THE ATMOSPHERE 
3) ULTRAVIOLET MAPPING OF THE 

CELESTIAL SPHERE 
4) X-RAY ASTRONOMY 
5) SPARK CHAMBER 
6) NUCLEAR EMULSION 
7) MEASUREMENT OF ATMOSPHERE 
8) ZERO GRAVITY STUDIES OF 

PHYSICAL PROPERTIES 
9) FROG OTOLITH FUNCTIONS 

DURING ZERO GRAVITY 

.EVIS 

AES CHANGES 

F i g u r e  19. Bas ic  Apollo Block I1 SM St ruc tu re  
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The experiments located i n  t h e  service module Sector  I require  cont ro ls  
and displays t o  be located i n  t h e  command module. 
mission of e l ec t r i ca l iv .pu l se  input  and readout w i l l  be required between t h e  
p a l l e t  and t h e  service module. It is  assumed t h a t  t h e  wires i n  t h e  e x i s t i n c  
CSM umbilical, assigned t o  Sector I, w i l l  satisfy t h e  present requirements. 

A n  w b i l i c a l  f o r  trans- 

The p a l l e t  may be programmed t o  be j e t t i soned  after use on at l e a s t  one 
Therefore, t h e  need f o r  a cable harness separat ion mechanism mi-ssion. 

ex i s t s .  
vided with the  manufactured and purchased f r k i t f f  d e t a i l s ,  assemblies, and 
components for t e s t  s i t e  use. 

A l l  too l in?  f o r  i n s t a l l a t i o n  of experiment provisions w i l l  be pro- 

INSTALLATION SEQUENCE ANALYSIS 

I n s t a l l a t i o n  performed a t  t h e  launch s i t e  i s  described i n  t h e  Test and 
Op-ations and t h e  Lonis t ics  sec t ions  of t h i s  plan. 

SCHEDULING 

A s  s t a t e d  under '1 Approach", t h e  base1 ine  schedules used for evaluzt ion 
o f  Phase T missions a re  Apollo schediile MPS 8,  Rev. 3, and AFS Develoment/ 
ODeratinns Phase M??S 11-2, dated 4 November 1965. 
a r e  SC 106 (SA 211), SC lo7 (SA 50S), Sr 10Q (SA 5091, SC 111 (SA 215), 
SC 112 (SA 5111, and SC 1 l h  (SA 217). 
rpqui r ing  schpdiile cnordinati on wi 17 be i n  ton7 f ab r i  c a t i  on t o  siipport t h e  
CSM mndifi cat; nn requi re?mPnts. 
p le ted  i n  support of SC 106 (SA 211), basad on t h e  assumption t h a t  stzuctl lral  
and systems mndifi c a t j  on requi rements w i l l  be similar f o r  each f l  & h t  mi ssion. 

The vehic les  a f fec ted  

The major a rea  i n  manufactvrjnq 

Ton1 i n s  wi 11 fi.rst be required t n  be cnm- 

Nn basic  chanze t n  Apollo Block I T  systems i n s t a l l a t i o n  js  an t ic ipa ted ;  
however, schedule consideration w i l l  be necessary f o r  t h e  programming of 
addi t i  onal wire harness r~qi i i rements  t o  support experiment components. 

Schedules depict in? the  estimated t i m e  f o r  accornplj shine t h e  manufac- 
timine: tasks wj11 be prepared when experiments equipment requirements are 
dpfjned i n  sv f f i c i en t  de t a i l  t n  de t e r l i ne  s p e c i f i c  tocls and instal l  at i  on 
reqvirements. 
In te r face  Schedule ( F i ~ i r e  4 ), i d e n t i f i c a t i o n  of modification changes by 
NASA must take place before de t a i l ed  manufacturing schedules can be completed. 
For major modifications requir ing extensive t o o l  fabr ica t ion ,  n o t i f i c a t i o n  
i s  needed approximately t e n  t o  twelve months p r i o r  t o  incorporation of 
s t r u c t u r a l  charyes. 

As shown i n  the Pre? iminary Expsrimenter/CSM: Contractor 
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TEST OPERATIONS 

The CSM and LDI-Laboratory factory checkout and f i e l d  operations and 
spacecraf t  modification requirements were studied by NAA and GAEC respect ively.  
The Laboratory operations discussions below were extracted from the  AES-Lunar 
Excursion fiodule Phase B Final  Report. 
CSM plans are re f lec ted  i n  the  CSM f i e l d  operations discussions.  
da ta  i s  provided fo r  mutual FDP study cf schedule and t e s t  operations in t e r -  
face  problem areas not yet resolved. The combined facility/equipment support 
requirements, optimum KSC master schedule ( integrated LAB, Launch Vehicle and 
CSK schedule poten t ia l )  and f i n a l  implementation plan f o r  integrated EMC t e s t  
of t h e  combined Lab-CSH spacecraft must be f ina l i zed  during FDP. 

CSM 

Preliminary in t eg ra t ion  of t h e  Lab and 
Baseline 

The CSM Baseline Ground Operations Requirements f o r  AES Phase I Space- 
c r a f t  a r e  defined i n  
t i o n ,  planning, and performance of required spacecraft  ground t e s t  and operations. 
Requirements generated f o r  individual AES Phase I spacecraf t  are given i n  t h e  
respect ive Mission Description documents. Per t inent  information has been 
summarized herein t o  describe the  operations t h a t  were evaluated i n  respect t o  
checkout dnd operations required f o r  t h e  AES Phase I missions t h a t  a r e  i n  
addi t ion  t o  t h e  bas ic  Apollo Block I1 CSM. 
f o r  fu ture  consideration of in-line provisioning f o r  AES missions. 

NAA Downeg Operations (CSM Flight Spacecraft Acceptance Test)  

SID 65-1151GORP, which provides t h e  basis f o r  defini-  

The Downey operations are  discussed 

The checkout funct ional  flow f o r  Oowney tes t  operations i s  shown i n  
Figure 20. 
Checkout f a c i l i t y ,  Building 290. 
Phase I mission assumes no spacecraft changes in-line during manufacturing 
and fac tory  checkout, t he  t e s t  functions performed i n  Building 290 a r e  sum- 
marized below t o  provide t h e  basis  f o r  discussing impact i f  t h i s  basel ine 
changes. 

These operations a r e  primarily conducted i n  t h e  I n s t a l l a t i o n  and 
While t h e  current base l ine  plan f o r  A E S  

Test Operations t o  be performed a t  Downey start with t h e  beginning of 
i n s t a l l e d  systems t e s t  and assume t h a t  manufacturing operations are complete. 
'l'he checkout operations i s  designed t o  ver i fy ,  within t h e  l i m i t  of l o c a l  
s a fe ty  ordnances, t h a t  the  spacecraft system i s  physical ly  and func t iona l ly  
capable of performing t h e  assigned f l i g h t  mission. 
experiments, t h i s  would include form, f i t  and funct ional  checkout of any 
appl icable  wiring, mounting provisions o r  components i n s t a l l e d  during manu- 
factur ing.  
with po ten t i a l  A?E Phase I mission requirements impact being noted. 

I n  t h e  case of A S  Phase I 

The s igni f icant  Downey operations functions are sunlmarized below 

- 4 3  - 
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LES/CM/SM Ins t a l l ed  Systems Test 

The objective of these  t e s t s  i s  t o  demonstrate t h e  func t iona l  capab i l i t y  
of t h e  SC systems by exercis ing them t o  t h e i r  design limits. 
in t e r f aces  a r e  ve r i f i ed  except f o r  f l u i d  inter-connections between t h e  CN and 
SM. The modules a r e  i n s t a l l e d  on separate  stands i n  t h e  in tegra ted  t e s t  s ta -  
t i o n .  
system. 
nozzle extension. 
motors, and &ball. 
cables.  

A l l  system 

The CM i s  complete except f o r  t h e  a f t  heat sh ie ld  and ELS parachute 
The SI4 i s  conplet except f o r  t h e  High Gain Antenna (HGA) and SPS 

The LES i s  complete except f o r  t h e  pyrotechnics, s o l i d  f u e l  
The modules a r e  mated together  e l e c t r i c a l l y  by extender 

Functional checkout of t h e  spacecraf t  begins with ver i fy ing  the  ECS water 
g lycol  system capabi l i ty  t o  provide cooling support t o  t h e  subsystems. Check- 
out of t h e  subsystems then follows a l o g i c a l  buildup from individual  sutsystem 
and combinations t o  an in tegra ted  system l eve l .  For excample, t h e  RCS subsys- 
t e m ,  SCS and G&N a r e  t e s t e d  together  following indiv idua l  checkout. 
r e l a t ed  Controls and Displays and instrumentation a r e  v e r i f i e d  a t  t h e  same 
time as t h e  subsystem. 
f i e d  ready f o r  f i n a l  in tegra ted  systems checkout. 

The 

A t  conclusion of these  t e s t s ,  t h e  spacecraf t  i s  ver i -  

Provisions f o r  A E S  Phase I experiments pyaloads i n s t a l l e d  during manu- 
f ac tu r ing  w i l l  be checked, i n  so  far  as p rac t i ca l ,  during t h i s  period. The 
object ive would be  t o  v e r i f y  in t e r f aces  with ind iv idua l  spacecraf t  subsystems. 
I n  addi t ion,  checkout during t h i s  period will allow v e r i f i c a t i o n  of wiring 
connection qua l i ty  during t h e  subsequent Quality Ver i f ica t ion  Vibrstion Tests.  

Quality Verif icat ion Vibration Tests  (QWT) 

QWT i s  performed immediately following I n s t a l l e d  Systems checkout. The 
spacecraf t  remains i n  t h e  unstacked electrically-mated configuration. The 
subsystem operation i s  interrogated t o  v e r i f y  s a t i s f a c t o r y  operation while 
t h e  spacecraf t  i s  subjected t o  low-level v ibra t ion .  
c a l  connectors, solder  j o in t s ,  and mechanical mounts i s  ve r i f i ed .  

The i n t e g r i t y  of e l e c t r i -  

Wiring associated with AES Phase I mission requirements should a l s o  be 
ve r i f i ed  under these environmental conditions. 
of a c t u a l  experiments i n  t h i s  t e s t  w a s  not assessed,  therefore ,  should be 
i d e n t i f i e d  f o r  future  study. There would be no impact on t h e  QVVT t e s t  time, 
but p r i o r  i n s t a l l a t i o n  and checkout of experiment elements would be required. 

The requirements f o r  inclusion 

Downstream CM and SM Configuration Update Period 

The CM i s  moved t o  t h e  heat sh ie ld  i n s t a l l a t i o n  s t a t i o n  where t h e  a f t  
heat  sh ie ld  i s  i n s t a l l e d  preparatory t o  mating t h e  CM and SM f o r  integrated 
system tests. 

Outstanding Fhgineering Orders (EO'S) or l a t e  equipment a r e  incorporated 
The object ive i s  t o  prepare t h e  space- i n  t h e  CM and SF pr io r  t o  CSM mating. 

c r a f t  f o r  t h e  f i n a l  mission readiness ve r i f i ca t ion  during in tegra ted  systems 
t e s t s .  

'I. - 44 - __ 
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Command l l ~ i t l  Service Module Functions 
diitl  Support Functions 

Reference Function [ I  
AHS 
BPC 
CM 
CSM 
FHS 
K S C  
HGA 
L€S 
QVVl  
RCS 
S LA 
SM 

ABB,?tV I A I  IJNS 

Al l  Heat Shield 
Boost Protective Cover 
Command Module 
Mated io l l l i i l d l l d  dnd Service Module 
Fomard Heatshield 
Kennedy Spare Center, Florida 
High Cain Antenna 
Launch Escape System 
Qualification Vibration Validation Test 
Reaction Control System 
SpacccrdftlLEhl Adapter 
Service Module 

NOTES 

AES Experiment RequirenNents to be Dpterniined 

This Drawing is  Based on ALS Flighl Mission Planning 
3ata as Follows 

LVConfiguration S - l B  

S C  Conliquration CSM Only 

OPERATION 

F i g u r e  20. Second-Level  Functional Flow 9 .1 ,  T e s t  and Acceptance 
CSM Sys tem E lemen t s  
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A l l  E / P h a s e  I payload funct ional  i n t e r f a c e s  with t h e  CSM systems 
i n s t a l l e d  a t  Downey w i l l  be ve r i f i ed  during t h e  Integrated Systems Tests.  
Therefore, r e l a t ed  experiment packages or  func t iona l  ( e l e c t r i c a l )  subs t i t u t e  
simiilators not previously i n s t a l l e d  will be i n s t a l l e d  during t h e  configura- 
t i o n  update period. 

CM and SM Wating 

The CM and SM a r e  e l e c t r i c a l l y  and mechanically mated. The LES i s  
e l e c t r i c a l l y  mated t o  t h e  CK. 
gra ted  system t e s t s .  

The CSM, GSE and A C E S C  a r e  prepared f o r  in te -  

The only e f f e c t  of experiments w i l l  be add i t iona l  interconnects  and 
cont inui ty  checks with t h e  GSE and ACE-SC. 

Integrated System Tests  

This t e s t  serves  as a b a s i s  for spacecraf t  acceptance (DD250 s e l l  o f f ) .  
Following mating, t h e  CSK t o  checkout s t a t i o n  (supporting GSE and ACE-SC) 
a r e  re-verified as a r e  t h e  spacecraft  subsystems. 
incorporated during t h e  configuration update period w i l l  be given a complete 
func t iona l  checkout before s tar t  of t h e  a c t u a l  in tegra ted  system checkout. 

Changes o r  equipment 

The Integrated Systems checkout cons i s t s  of end-to-end t e s t i n g  of t h e  
complete spacecraft  systems while being operated i n  simulated mission modes. 
Test  sequences w i l l  include a l l  abort  modes, countdown simulation, and f l i g h t  
mission simulation. 
operat ions sequences, but not necessar i ly  i n  real time. 
plugs-out t e s t s  a r e  performed. 
with a subs t i t u t e  f l i g h t  crew t o  allow disconnect from gound systems. 

The f l i g h t  mission simulation, dupl ica tes  t h e  f l i g h t  
Both plugs-in and 

The l a t t e r  i s  performed on f u e l  c e l l  power 

AES Phase I mission payload i tems incorporated in- l ine a t  Downey would 
be operated i n  support of these  t e s t s .  
experiment packages o r  simulators would requi re  p r i o r  i n s t a l l e d  system func- 
t i o n a l  checkout a t  t h e  appl icable  component o r  subsystem l eve l .  

CM and SK Cleaning 

To e s t ab l i sh  in tegra ted  t e s t  v a l i d i t y ,  

The modules a r e  individual ly  cleaned t o  remove a l l  foreign mater ia l .  
This  i s  perfomed by ro t a t ing  (tumbling) t h e  module i n  t h e  cleaning pos i t ioner  
t o  dislodge p a r t i c l e s  s o  t h a t  they may be removed by vacuum process. 

lkperiment packages not required f o r  CSM weight and balance, w i l l  be 
removed p r i o r  t o  t h i s  t e s t .  

Weight and Balance 

The CM and SM a r e  separately weighed t o  v e r i f y  t h e  weight and center  
of g rav i ty  t o  be within specif ied limits. 
a r e  performed. 

Both hor izonta l  and v e r t i c a l  checks 

- 4 7  - 
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5, 

Experbent  mass simulators will be used i n  l i e u  of experiments whenever 
support of weight and balance operations a r e  necessary. 
f i c  requirements w a s  beyond t h e  scope of t h e  PDP study. 

Defini t ion of speci- 

Apply CSM Thermal Coat 

The thermal coat i s  applied t o  t h e  CM and SM j u s t  p r io r  t o  preparing f o r  
shipment. No added requirement i s  an t ic ipa ted  f o r  AES missions. 

Preparation f o r  Shipment 

The spacecraft  elements a r e  preserved and packaged f o r  shipment t o  KSC. 
No spec ia l  requirements were establ ished f o r  A E S  Phase I mission payload 
considerations.  

KSC Fie ld  Operations 

The baseline checkout funct ional  flow f o r  t h e  AX3 Phase I CSM pre-launch 
operations i s  shown i n  Figure 21. The Space Vehicle Assembly, checkout and 
Pre-Launch Operations funct ional  flow establ ished f o r  t h e  spacecraf t  i s  shown 
i n  Figures 22 a n d 2 3  f o r  Saturn I B  and Saturn V missions respect ively.  This 
study covered program planning f ac to r s  associated with these  operations.  
Although many of t h e  funct ions a r e  not d i r e c t l y  a f f ec t ed  by t h e  A B  Phase I 
payload, they were included i n  ana lys i s  of scheduling, f a c i l i t y  u t i l i z a t i o n ,  
and ove ra l l  programs flow through KSC. 

The spacecraft  KSC operations a r e  summarized below including i n s t a l l a t i o n  
and checkout requirements added by t h e  A E S  Phase I payloads. 
were added include spacecraf t  modification, experiment i n s t a l l a t i o n ,  i n s t a l l e d  
experiment checkout, and add i t iona l  in tegra ted  systems t e s t s .  The checkout 
requirements included i n  these  descr ipt ions were based on t h e  c r i t e r i a  speci- 
f i e d  i n  t h e  CSM Development & Test section. 

Functions which 

SPS S t a t i c  F i r ing  Tests 

The objective of these  t e s t s  i s  t o  ve r i fy  f l i g h t  readiness of t h e  con- 
p l e t e  se rv ice  propulsion systems. 
including a l i v e  f i r i n g  of t h e  SPS. 

Leak and func t iona l  t e s t s  a r e  performed 

The SPS s t a t i c  f i r i n g  i s  not d i r e c t l y  a f f ec t ed  by t h e  AES Phase I mis- 
s ion  requirements. 
as close t o  launch as possible.  

The t e s t  w i l l  be performed a f t e r  t h e  modification period, 

Fuel C e l l  and Cryogenic Systems Tests  

Leak and functional t e s t s  of t h e  f u e l  c e l l  and cryogenic systems w i l l  be 

The SM will be moved to the  FCSTF a f t e r  comple- 
performed i n  t h e  Fuel Ce l l  System Test F a c i l i t y  (sometimes re fer red  t o  as 
t h e  Cryogenic Test Building).  
t i o n  of t h e  SPS s t a t i c  f i r i n g  t e s t s .  
on t h e  EDS and t h e  f u e l  c e l l s  will be operated t o  v e r i f y  func t iona l  performance. 

Pressure and leak t e s t s  will be performed 

AES Phase I mission requirements will not a f f e c t  t h e s t  tests. 

Q - 48 - 
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Deploy and Checkout 

CSMlElentents 
KSC Operations 

Ref: Function 8. 1 
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7 PAD 

LEGEND 

- 
- 

7 

L 

Perform SV Assembly, 

Prelaunch Operations 
Checkout and I 1  5. 1. 32 1 8. 1. 48 8 .1 .33  

Install Inspect SC 
Ordnance It Thermal Coating - K S C  Operations 

Clack CSM 
and SLA 

MCOB MSOB MSOB Ref: Function 1.0 

LJ C;mmand 411" Service Moaule Functions I I and Support Functions 

- 
- 

L 

Perform SV Assembly, 

Prelaunch Operations 
Checkout and I 1  5. 1. 32 1 8. 1. 48 8 .1 .33  

Install Inspect SC 
Ordnance It Thermal Coating - K S C  Operations 

Clack CSM 
and SLA 

MCOB MSOB MSOB Ref: Function 1.0 

Qeference Functions c 1  
FACILITY ABBREVIATIONS 

0% . . . . Ordnance Storage Building 
PIB . . . . Pyrotechnic Installation Building 
HSTF. . . . Hypergolic System Test Facility 
PAD 16. . . Propulsion Test Colr.plex (Pad 16) 
MSOB . . . Manned Spacecraft Operations Building 
RFSTF . . . ?F System Test Facility 
P B .  . , , , Parachute Building 
FCTF . , , , Fuel Cell Sys tem Test Facility 

VEHICLE ABBREVIATIONS 

LES. . . . . Launch Escape System 
FHS . . . . Forward Heat Shield 
CM . . . . ConNmand Module 
SMC!. . . . SM Quads 
SM . . . , Service Module 
SLA . , . , SClLEM Adapter 
SPS . . . . Service Propulsion Systen, 
SC. . . . . Spacecraft 
2CS . . , , Reaction Control System, 
HGA . . . . High Gain Antenna 
CSM. . . . CM and SM 
IU . . . . , Instrun(ent Unit 
NE , . . , Nozzle Extension 

F i g u r e  21. Second-Level  Funct ional  Flow 8. 1 Deploy and Checkout 
CSM Elemen t s  
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T 
1.9 

I + Perform R f  lest 
Remove S V C  

F H a d  Structure From 

mcience J 
rperiments 

Fig1 

Launch Vehicle (LV) Functions and 
Related Support Functions 

0 ACE-SC Carry-On Disconnect and 
Remove 

ABBREVIATIONS 

C j M  . . . . Command and Service Module 
SA . . . . Spacecraft LM Adapter 
LV . . . . Launch Vehicle 
GSE . . . . Ground Support Equipment 
OAT . . . . Overall Test 
LES . . . . Launch Escape System 
R F .  . . . . Radio irequency 

NOTES 

Sequence d fla is indicated by rrraheads and not 
by block number. 

Pis drawing rdlccts S-IB operations as separate and 
di i t ind from S-V aoerationr 

r e  22.  F i r s t - L e v e l  Functional Flow 7. 0, P e r f o r m  Sat1 r n  V Assembly  
Check-out  and Pre launch  Operat ions,  Launch Complex 37 

(Saturn 1 B Vehicles)  
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Lk7-I REMOVE MOslLE 

L J  

1 
PEWORM MSIC FLlGHl 
MISYON OPEDAIIONS 

REF. FUNCl lON < 0 H C W Y r n O W r i  

COMMAM) AND SER'ACE MCDiLE  FUNC 
AND REulED SJWORT FUNCnONS 

U U N C H  VEHICLE FUNCTIONS CP 
RElAIED SUPPORT FUNCilOhS 

RfFfRfNCt U U N C M  V l M I L f  C. 
REFEIlNCf RflATED SUPPOP1 C.\CT(ON 1 

LV. . . . . . . . .  U U N C H  VEHICLE 
SC . . . . . . . .  SPACICRMT 
SV. . . . . . . .  .SPACE VEHICLE 
RF . . . . . . .  .RADIO FRtQUENCI 
L I S  . . . . . .  .LAUNCH ESCAPf SI SlEM 
WC . . . . . . . .  BOOS1 PROlECnVt COVfR 
<AB. . . . . . .  .VEHICLE 4SSEULu)  BUILDIN,; 
G Y .  . . . . . .  .GROUND 9JUcm ECLiPMiN. 

NOTES SEOUfNCE OF FLOW I S  INDlO\lED 8" r : , O w k E ~  
A N D  N O 1  BI BLOCK NUMBER 

F i g u r e  2 3 .  F i r s t - L e v e l  Functional Flow 7. 0 ,  P e r f o r m  Sa tu rn  V Assembly 
Check-out and Pre launch  Operat ions,  Launch Complex 39 

(Saturn V Vehicles)  
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# .. 44 

I SM Weight and Balance 

RCS Leak and Functional Tests  

I CK Ekperiment I n s t a l l a t i o n  and Top Deck Buildup 

The CM and t h e  SI4 Quads will underno - RCS t .ests i n  t he  Zypergoiic Test 

Proper 
Fac i l i tg .  
u t i l i z e d .  
functioning of valves and re ,da tors  will be ve r i f i ed  and engine valve 
s ignatures  w i l l  be determined. 
t i o n  of these t e s t s .  The Quads will be s tored u n t i l  i n s t a l l a t i o n  i n  t h e  SM. 

Since these  t e s t s  are run concurrently, both c e l l s  of t he  HTB are 
Pressure and leak  t e s t s  will be performed using helium. 

The CM w i l l  be moved t o  t h e  MSOB upon comple- 

AES Phase I mission payload requirements do not a f f e c t  these  t e s t s .  

SPI Experiment I n s t a l l a t i o n  

The experiment checkout requirements d i c t a t e  i n s t a l l a t i o n  of experiments 
before mated CSW t e s t i n g  i n  order t o  encompass t h e  in t e r f aces  during in te -  
grated systems t e s t ing .  
assembly f i t t i n g  i n  Sector  I. 
o r  an equivalent clean room environment. 
t i o n  t o  the  basic  Block I1 spacecraft  flow. 
(''smoke t e s t " )  w i l l  be performed t o  v e r i f y  t h e  in t e r f ace  connections. 

The SM experiments w i l l  be i n s t a l l e d  as a s ingle  
This  will e i t h e r  be performed i n  t h e  14.509 

This i n s t a l l a t i o n  i s  an added func- 
A power-on cont inui ty  t e s t  

Upon conpletion of t h e  experiments i n s t l l a t i o n ,  t h e  ECS quad will be 
i n s t a l l e d  and a weight and balance check w i l l  be performed on t h e  SFl. 
weight and balance f i x t u r e  i s  located i n  t h e  pyrotechnic i n s t a l l a t i o n  building. 
Both a horizontal  and v e r t i c a l  weight operation will be performed t o  e s t ab l i sh  
t h e  center  of gravi ty .  
Kass simulators when mandatory. 

The 0 
Actual experiment elements will be subs t i tu ted  by 

These are discussed together  s ince they may be p a r t i a l l y  performed con- 
current ly .  The Cf4 w i l l  be positioned i n  t he  MSOB or  equivalent clean room 
environment f o r  t h e  experiment i n s t a l l a t ion .  The %IS ordnance i n s t a l l a t i o n  
requi res  use of t h e  Pyrotechnic Ins t a l l a t ion  Building (PIB) . The parachutes, 
ordnance, experiments and forward h e a t  sh i e ld  i n s t a l l a t i o n  will be completed 
before weight and balance. 

The experiment Cl4 in t e r f ace  connections will be v e r i f i e d  by a power-on 
cont inui ty  t e s t s  as pa r t  of t h e  i n s t a l l a t i o n  function. 

CM-LB4 Laboratory Docking Check 

A t  t he  e a r l i e s t  point  convenient t o  t h e  LEM LAB and CM operations flow, 
t h e  two nodules will be f i t  checked i n  t h e  docked configuration. 
ascent  stage i s  lowered (inverted) a t  a simulated zero "g" condition u n t i l  
t h e  capture l a t ches  of The probe is  then 
r e t r ac t ed  s o  t h a t  t h e  ascent stage is  lowered t o  a s o f t  docked posi t ion.  
ascent  s tage i s  pressurized t o  f i v e  p s i  before t h e  modules a r e  hard-latched. 
The probe and drogue a r e  removed and s tored  i n  t h e  CN. 
check of t h e  in t e r f ace  seal, c i r cu i t  analyzer check of t h e  e l e c t r i c a l  

The LAB 

t h e  CM probe engage t h e  drogue. 
The 

Tests  include leaks  0 
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umbilical  and crew s ight  alignment. 
and delatching operations checked. 

The probe and drogue a r e  r e i n s t a l l e d  

These t e s t s  Will vary from a normal lunar  landing mission only i n . t h e  
increased in te r face  through t h e  e l e c t r i c a l  umbilical .  

The docking check i s  not constrained by any previous CM o r  LAEI checkout. 
It w i l l  be scheduled f o r  a time t h a t  does not i n t e r rup t  a t e s t  s e r i e s  on 
e i t h e r  module. 

CM-LES Weight and Balance 

A weight and balance check w i l l  be made on t h e  C14 following experiment 
i n s t a l l a t i o n  and forward deck buildup. 
longi tudina l  center of grav i ty  w i l l  be ve r i f i ed  t o  be within spec i f ied  to l e r -  
ances. 
i n  t h e  PIB. 

The weight and v e r t i c a l ,  l a t e r a l  and 

These t e s t s  w i l l  be performed using t h e  weight and balance f i x t u r e s  

The LEX, having previously undergone weight and balance checks, w i l l  be 
mated t o  t h e  CM i n  a v e r t i c a l  a t t i t u d e .  
and t h e  LES t h rus t  vector  alignment will be checked. 

The C N - E  w i l l  then be weighed, 

The AES Phase I payload i n s t a l l a t i o n s  a r e  involved i n  t h i s  t e s t  i n  t h a t  
t h e  experiments o r  subs t i t u t e  mass simulators must be i n s t a l l e d  t o  achieve 
t h e  required accuracy i n  determining weight and balance. 

Mate CM and SI4 I 
The SM w i l l  be posit ioned on t h e  p o l a r i t y  f i x t u r e  i n  t h e  in tegra ted  

The CI4 w i l l  be mated t o  SM and alignment of t h e  t e s t  stand (Stokes #2). 
mated modules wi l l  be ver i f ied .  

The AES Phase I payload involvement i s  r e l a t ed  t o  scheduling i n s t a l l a t i o n .  
Experiments which in t e r f ace  with CSM subsystems a r e  required i n  t h e  in tegra ted  
t e s t s  which follow CSM mating. 
port ions of t h e  in tegra ted  t e s t  operations. 
key funct ion i n  experiment/spacecraft i n t e r f ace  scheduling. 

Later i n s t a l l a t i o n  would requi re  repeat of 
The CM-SII mate i s  therefore  a 

CSMStation Cable Up and CS1.1 In te r face  Ver i f ica t ion  

The f i r s t  operation t o  be performed i n  t h e  mated CSM i n  t h e  in tegra ted  

The A C W C  carry-on w i l l  be i n s t a l l e d  and a l l  GSE w i l l  be con- 
t e s t  s t a t i o n  i s  t o  make and check t h e  in t e r f ace  with a l l  support equipment and 
f a c i l i t i e s .  
nected. 
and spacecraf t  systems cont ro l  and monitor i n t e r f ace  with ground s y s t e m  will 
be ve r i f i ed .  The CSM e l e c t r i c a l  power d i s t r i b u t i o n  w i l l  a l s o  be ver i f ied .  
The CM t o  SI4 in te r face  connections w i l l  be ve r i f i ed .  
broken during experiment i n s t a l l a t i o n  will a l s o  be v e r i f i e d  t o  be properly 
reconnected. 
checkout of spacecraft  subsystems o r  experiments. 

I 
The spacecraft  ECS system w i l l  be serviced and checked. Continuity 

Subsystem connections 

These t e s t s  w i l l  be completed before i n i t i a t i o n  of funct ional  
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Ins t a l l ed  Experiaent Checkout 

The individual  experiments will be ve r i f i ed  t o  funct ion properly in s t a l l ed  
i n  the  CSlli and  as i n f l w n c e d  bj; In te r faces  such a s  e l e c t r i c a l  power supplied 
f r o m t h e  CSEl EPS. 
operated. 
i f  necessary, t o  supply s t i r ru l i  t o  experiments. 
performed t o  v e r i f y  t h a t  t he  experiment pel-forms within spec i f ied  limits and 
experiment measurements a r e  properly t ransported and recorded by t h e  support- 
ing  data  co l lec t ion  and storage system. These t e s t s  will be completed before 
i n i t i a t i n g  CSM in tegra ted  systems t e s t i n g  

The experiments will, i n  s o  f a r  a s  possible,  be manually 
ACE-SC w i l l  be used t o  monitor experiment output parameters and, 

End-to-end t e s t s  will be 

with experiments included. 

CSK Integrated Systems and Polar i ty  Tests  

The object ive of t h e  integrated systems t e s t s  i s  t o  demonstrate operat ional  
performance capabi l i ty  of t h e  integrated spacecraf t  subsystems, including 
experiments, during simulated abort and Fiss ion  sequences. 
t h e  po la r i ty  t e s t  i s  t o  v e r i f y  end-to-end phasing of t h e  a t t i t u d e  control ,  
t h r u s t  vector  control  and d e l t a  Vtl f l i g h t  subsystem. 

The object ive of 

During in tegra ted  systems t e s t s ,  t h e  subsystens a r e  operated, as near ly  
as possible,  i n  t he  modes and input sequences of t he  phase of Piss ion Peing 
simulated. 
cor rec t  timing and sequence of  operation. 
abor t  mode. 
modes o r  systems, from countdown through ea r th  recovery. 
be operated fron t h e  CM controls .  
with the  spacecraft  systems operation i n  t h e  normal f l i g h t  sequence. 

tiesponse of each of t h e  subsystems a re  monitored t o  ve r i fy  t h e  
Test sequences will be run of each 

The mission simulation wi l l  include a l l  sequences, and redundant 
The systems will 

Experiment functions will be in tegra ted  
0 

The po la r i ty  t e s t  i s  performed by providing ro t a t iona l  inputs  f ron  t h e  
p o l a r i t y  f ix tu re .  
i s  ver i f ied .  

The end-to-end po la r i ty  of t he  th rus t  vector  cont ro l  loop 

Alt i tude Test 

The a l t i t u d e  t e s t s ,  perfomed i n  the  chamber i n  t h e  ?GOB, a r e  made t o  
v e r i f y  spacecraft  operation a t  a l t i t ude .  
nauts  and a l t i t u d e  runs a re  performed at  250,000 f e e t .  
t i o n  and s t r u c t u r a l  i n t e g r i t y  a r e  ver i f ied .  
evaporators,  and cold p l a t e s  provide the  temperature c h a r a c t e r i s t i c s  of t h e  
water-glycol of t h e  ECS and f u e l  c e l l s  s t ruc tu re  leak r a t e  i s  determined. 
Simulated f l i g h t  sequences will be made t o  v e r i f y  systems operation a t  a l t i -  
tude.  Experiment operation and environmental cont ro l  will be demonstrated 
under t h e  250,000 foot  a l t i t u d e  and cold p l a t e  envimnment of t h e  chamber. 

The CSM i s  mnned by three  astro-  
ECS, f u e l  c e l l  opera- 

The spacecraft  rad ia tors ,  

CSN liF Systems Test 

The objective of these t e s t s  is  t o  v e r i f y  operation of t h e  CSM RF sys- 

Telecommunications systems 
The high gain antenna (HGA) will 

tems. 
including experiment data  t ransmit t ing systems, 
output frequency and power will be measured. 
be i n s t a l l e d  and boresighted. 

Voltage standing wave r a t i o  (VSWn) checks will be made on a l l  antennae 

A functional check will be perfomed on t h e  
0 
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0 
X-band transponder, Uplink reception w i l l  be measured. The system performance 
and absence of adverse in t e rac t ion  between the  var ious RF systems will be 
demonst rated.  I 

The CSM RF t e s t  may be conducted i n  corbined RF t e s t s  with the  LAB. A 
requirement f o r  a docked in te r face  tes t  was i d e n t i f i e d  f o r  t h e  rendezvous 
missions which requires use of t h e  RF Systems Test F a c i l i t y  (RFSTF). Although 
t h e  CSM RF t e s t s  could be implemented i n  t h e  MSOB, use of t h e  RFSTF and com- 
bined tes t  with the LAB enhances checkout. Requirements f o r  itF and EKC t e s t  
of t he  CSN-LA9 in te r faces  requi res  fu r the r  ana lys i s  before t h e  t e s t  operat ions 
can be f u l l y  defined. 

CSF-LAB Interface Test 

Although e l e c t r i c a l  i n t e r f aces  between the  CSK and Laboratory w i l l  be 
t e s t e d  as i n  t h e  RF t e s t s ,  requirements have not been f u l l y  defined. 
supply of power from the  LAB t o  t he  CSM o r  rendezvous missions, introduces 
increased poten t ia l  f o r  adverse in t e rac t ions  and ground loop problems. 
docked compatibil i ty t e s t  i s  planned. 
r e tu rn  impedance changes, t h i s  t e s t  should include RF systen: operation. 

The 

A 
Since RF impingements may produce ground 

CSN-LAB interface t e s t i n g  on non-rendezvous f l i g h t s  i s  l e s s  severe. 
I n i t i a l  plans were t o  conduct an e l e c t r i c a l  i n t e r f ace  t es t  i n  a s b u l a t e d  
(cable connected) docked configuration i n  t h e  IEOB. However, due t o  iden t i -  
f i c a t i o n  of a requirement t o  implement capabi l i ty  f o r  EMC t e s t i n g  a t  t h e  
RFSTF on two missions, it is  recommended t h a t  use of t h i s  capab i l i t y  f o r  a l l  
AES/Phase I missions be considered. 

It should be noted t h a t  i n  t h e  GORP, SID 65-1151, t h i s  t e s t  i s  included 
i n  t h e  spacecraft  f i n a l  mating function 8.1.32 (Figure 21.). 

S t  a ck CSPISLA-LAB 

The LAB i s  mated t o  t h e  lower SLA i n  t h e  Stokes stand #2. The spacecraf t  
t o  launch vehicle separat ion c i r c u i t  i s  given and end-to-end check by cable 
connection f romthe  CSM on an adjacent stand. 
r a t e d  t o  the  lower SLA/LAB modules. 
mating with t h e  launch vehicle.  

The upper SLA and CSM are then 
The stacked spacecraf t  i s  then ready f o r  

Impact of A B  Phase I Payload on Block I1 CSE ODerations Schedules 

Ins t a l l a t ion  and checkout requirements f o r  incorporation of t h e  AES 
Phase I experiment payloads discussed above will increase the  ove ra l l  opera- 
t i o n s  time spans. 
i n s t a l l a t i o n  and checkout performed a t  Downey. This w i l l  be determined when 
f i n a l  i n s t a l l a t i o n  scheduling i s  resolved based on t h e  trade-offs discussed 
i n  sec t ion  

The t o t a l  impact w i l l  depend upon t h e  ex ten t  of appl icable  
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In-line i n s t a l l a t i o n  t o  f u l l  capab i l i t y  f o r  t h e  AES Phase 

SYSTEMS DIVISION 

I mission 
without compromise of t h e  lunar  landing performance i s  unlikely.  However, 
t h e  r e l a t ed  impact on t h e  Downey and f i e l d  operations was evaluated. 
t i a l ly ,  up t o  four weeks would be added t o  t h e  t y p i c a l  Block I1 CSFI Downey 
Operations schedule shown i n  Figure 24. Experiment packages or simulators 
would be in s t a l l ed  and the  spacecraft  system i n t e r f a c e s  would be t e s t ed ,  
including AES mission simulation during in tegra ted  systems t e s t i n g .  
represents  t h e  worse case f o r  D m e y  Operations s ince  t h e  impact decreases 
with decreased in-line provisioning f o r  incorporation of t h e  experiment 
payload. 

Poten- 

This 

The case of maximum in-l ine provisioning a t  Downey gives  t h e  minimum 
impact t o  the  f i e l d  schedules. The experiment payload i n s t a l l a t i o n  a t  KSC 
would be l imi ted  t o  f i n a l  experiment package i n s t a l l a t i o n .  
f o r  checkout of the experiment payloads should be minimum because of p r i o r  
checkout a t  Downey. 
t h e  AES mission requirements on the  bas ic  Block I1 CSM f i e l d  operations 
schedule f o r  t h i s  case. 

The time required 

Figure 2 5  gives a preliminary estimated of t h e  a f f e c t  of 

It is  ant ic ipated t h a t  t he  optimum plan w i l l  be t o  perform p a r t i a l  in- 
l i n e  confi,wing of t he  spacecraft  toward incorporation of t h e  experiments. 
This would consist  of mounting and wiring provisions and equipment rearrange- 
nent which did not compromise t h e  lunar  landing capabi l i ty .  
t i o n s  should be checked out during spacecraf t  acceptance tests by use of 
a c t u a l  experiment packages or  simulators,  t hus  would po ten t i a l ly  add about 
t h ree  weeks t o  the Downey Operations time. 
of i n s t a l l a t i o n  o f  ( a s  a k i t )  experiment mounts and cabling not i n s t a l l e d  
due e i t h e r  t o  design lead  time bene f i t s  o r  consideration of lunar  landing 
mission performance. 
packages, which func t iona l ly  in te r faced  with t h e  spacecraf t  systems would add 
about f i f t e e n  work days t o  the  bas ic  CSM f i e l d  schedule. 
t o  f i f t e e n  work days would be added t o  t h e  preluanch checkout time f o r  i n s t a l l e d  
experiment checkout, experiment inclusion i n  in tegra ted  systems tests and 
func t iona l  in te r face  tes t  with the  laboratory.  
one ha l f  month KSC schedule as shown i n  Figure 26. 

These i n s t a l l a -  

F i e ld  modification would cons is t  

This type of i n s t a l l a t i o n  plus  i n s t a l l a t i o n  of experiment 

An add i t iona l  t e n  

This r e s u l t s  i n  a f i v e  and 

Figures 27, 2 8  , 2 9  , which show the  in tegra ted  CSM and LZM Laboratory 
schedules f o r  the individual  AES Phase I missions, include a period considered 
adequate f o r  the  maximum p r a c t i c a l  f i e l d  modification of t h e  CSM. 
modification should not include major s t r u c t u r a l  changes, changes t o  t h e  C14-SM 
umbilical ,  o r  cause extensive disassembly which would inva l ida te  p r i o r  sub- 
s y s t e m  checkout. 
d i f f e r s  from a basic lunar  landing mission as follows: 

F ie ld  

These schedules assume t h a t  t h e  scope of e f f o r t  a t  KSC 

CSM Elodification . Add wires fron! CM terminal  end of t h e  CFI-SM umbilical  t o  

. . Add w i r e s  i n  SM . . . 

controls  and display 
Add wires f o r  CM experiments 

I n s t a l l  experiment cont ro l  and display panel 
I n s t a l l  experinent mounting brackets and support i n  CY an3 SI4 
Perform cont inui ty  checks on wiring changes 
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* ,  

CSN Experiments I n s t a l l a t i o n  and Ver i f ica t ion  . I n s t a l l  experiment packages . Connect t o  CSI: wiring . Conduct power-on experiment-SC in t e r f ace  cont inui ty  check 

CSM Ekperiments Checkout and CSM-Experiments In tegra ted  Systems Tests  . . 
. 

Conduct i n s t a l l ed  experiments funct ional  checkout 
Conduct experiments-CSM in te r f ace  checkout and in tegra ted  
systems t e s t s  
Conduct experiment checks as required during CSM p o l a r i t y  
t e s t ,  a l t i t u d e  chamber t e s t s  and RF systems t e s t s  

CSK-LEI4 Integrated Checkout . . Functional Interface Test performed by calbe connected simulation 
Electromagnetic Compatibility Test of t h e  combined RF systems 

of docked configuration 

Eodification of  t h e  CSN must be i n i t i a t e d  a t  l e a s t  six months p r i o r  t o  
launch. Five weeks and four  weeks a r e  allowed f o r  modification of t h e  CN and 
SI4 respect ively.  These time spans include consideration of problems associa- 
t e d  with a c c e s s i b i l i t y  and cleanl ines . .  
i n s t a l l a t i o n  of the  mounting devices and wiring f o r  experiments, i n s t a l l a t i o n  
of experiment support subsystems, minor rearrangement of equipment s i n  CM, 
and cont inui ty  ver i f ica t ion  of  wire changes. It assumes t h e  bas ic  capab i l i t y  
of t h e  s t ruc tu re  and primary wire harnesses t o  accept experiment payloads i s  
incorporated i n  the CSI4 before delivery.  Five add i t iona l  days are scheduled 
f o r  experiment packags i n s t a l l a t i o n  and basic  power on in te r face  cont inui ty  
check before module close out f o r  C M S M  mating. 
t h e  mated Block I1 CSM checkout time i n  t h e  ?GOB t o  provide f o r  i n s t a l l e d  
experimer;ts checkout, t e s t  i n t eg ra t ion  of experiments with t h e  CSI4 and in t e r -  
face t e s t i n g  with t h e  laboratory.  
t e s t  with t h e  laboratory.  
reva l ida t ion  of CSFl systems because of removal f o r  modification access.  

The modification period includes 

Twelve days were added t o  

Four days were added f o r  t he  RF compatibi l i ty  
It i s  noted t h a t  no time allowance was included f o r  

The individual  mission schedules w i l l  be updated as mission configura- 
t i o n  requirements and optimum design f o r  in- l ine configuring of t h e  bas ic  
spacecraf t  modules i s  fu r the r  defined. 

The AES Phsse I LEX Laboratory ground operations planning i s  based on 
t h e  study guideline requiring a l l  Phase I vehic les  t o  be fabr ica ted  and 
delivered t o  the  f i e l d  i n  the  
subsequently modified t o  t h e  assigned AES mission laboratory configuration 
a t  KSC. 
vehicle  i s  defined i n  t h e  respect ive Nission Description document. 
t i o n  contained h e r e i n  was  extracted from t h e  A E  Lunar Excursion Nodule Phase B 
f i n a l  repor t s  (Volumes XVI, X V I I ,  XM and XXI) and from t h e  GAEC l e t t e r s  pro- 
viding inputs  t o  t h e  Nission Description documents and f ron  t h e  Experimenter's 
Handbook - LET4 Uti l iza t ion  AES/Grunman Design 3783. 

configuration. The I2314 vehicle  Will be 

The ground operations requirements f o r  each Phase I laboratory f l i g h t  
Informa- 
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s Factory Checkout 

Factory checkout of t h e  LEN vehicle  used on AFS Phase I missions w i l l  

Manufacturing and 
be performed t . ~  the nnm-al U3.f r e p i r e m ~ n t s  defined ir! t h e  m! G r 9 7 ~ q d  Spera- 
t i o n s  Requirements Plan, GAEC report number LPL 610 3C. 
acceptance t e s t  a t  Bethpage must be accelerated f o r  e a r l i e r  de l ivery  of LZN 5 
and subsequent vehic les  t o  accomplish t h e  required in tegra t ion .  This revised 
master schedule gives a constant manufacturing load which provides vehicles  
f o r  A B  missions i n  time t o  perform about four months modification a t  KSC. 

KSC Fie ld  Operations 

Modification (Ihnufacturina Final  Assembly and Acceptance of Laboratory 
C onf imrat ion 

The Phase I Laboratories w i l l  be rnodified a t  KSC i n  accordance with the  
s t a t e d  ground ru les .  The spacecraft  w i l l  be delivered t o  KSC as rcfull-upcc 
LEX vehicles  and w i l l  be modified t o  t h e  required A I S  f l i g h t  configuration 
by: 
t i o n  of new and modification of ex is t ing  systems, and (3) i n s t a l l a t i o n  of 
labora tory  experiments. 
33. 
a way t h a t  ne i ther  t h e  s t ruc tu re  nor t h e  equipment w i l l  be daraged. 
l i n e s  and e l e c t r i c a l  harnesses will be removed where p r a c t i c a l  o r  w i l l  be 
capped and secured if removal jeopardizes pressure s h e l l  o r  system in t eg r i ty .  
Modification of systems and i n s t a l l a t i o n  of experiments must be conducted 
simultaneously t o  provide maximum manpower u t i l i z a t i o n  and t o  reduce over-all  
schedule flow time. 

(1) removal of unnecessary hardware p lmbing  and wiring, (2) i n s t a l l a -  

These operat ions a re  indicated i n  Figures 3 0 through 
The stripdown w i l l  remove subsystem hardware from t h e  s t ruc tu re  i n  such 

Fluid 

Detailed information on t h e  stripdown and reassemble process i s  included 
i n  Volume X V I I  of t h e  referenced GAEC reports .  

This modification process requires per iodic  ve r i f i ca t ion  t e s t s  during 
These t e s t s  a r e  t h e  conversion and acceptance t e s t s  a f t e r  i t s  completion. 

l imi ted  s t r i c t l y  t o  those functions affected by t h e  cod i f i ca t ions  sfice they 
are i n  addi t ion t o  the  usua l  LEE fac tory  acceptance t e s t s  and t h e  KSC prelaunch 
checkout sequence. The following assumptions made fo r  purposes of defining 
these  acceptance t e s t s :  

Modification frorr. LZl4 t o  t he  recommended Lab configuration and i n s t a l l a -  
t i o n  of experiment l i n e s  and equipment proceeds together  and i s  checked 
out together.  

Changes i n  acceptance t e s t  equipment o r  programs f o r  t h e  combined 
checkout on a p r e f l i g h t  basis  are payload in tegra t ion  tasks .  

Pre-Launch Operations 

The pre-launch checkout o f  the AFS Phase I Laboratory will be consis tent  
with t h e  concepts and c r i t e r i a  es tabl ished f o r  t he  Apollo program. 
the  AES mission operations a re  interspersed with t h e  Lunar Landing Program, 
undue deviation from t h e  basic  LB4 concepts would r e s u l t  i n  increased impact 

Since a 
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(schedule and expenditures) f o r  incorporation of t he  AZS mission payloads. 
Experiment requirenents w i l l  of course mandate c e r t a i n  changes and the  require- 
ment t o  perform formal acceptance t e s t  i s  included because of KSC modification. 

The prelaunch operations planned f o r  t h e  laboratory a r e  based on the  
following ground ru l e s  and assumptions. 

1. 

2. 

3. 

4.  

5. 

6. 

7 .  

8 .  

9.  

10. 

It i s  assumed t h a t  t h e  Phase I Labs have been modified fror,  t h e  
basic  LEE a t  KSC before t h e  start of prelaunch checkout. 

The experinenter w i l l  checkout h i s  own experiment package, using 
bench t e s t  equipment, t o  t h e  degree possible  i n  an ea r th  environ- 
nent ,  p r ior  t o  i n s t a l l a t i o n  i n  the  vehicle .  

The Lab f l i g h t  configuration has been ve r i f i ed  as  pa r t  of t he  
overa l l  Lab Ground Development Test Program. 

EM1 t e s t ing  w i l l  be accomplished f o r  each mission-vehicle/experiment 
package a t  the system t e s t  l eve l .  

Experiments requir ing ac t ive  thermal cont ro l  will be supported 
by t h e  %CS thermal cont ro l  loop. 

When t o t a l  experiment checkout cannot be accomplished, component 
checkout within t h e  experiment package w i l l  be conducted p r i o r  t o  
i n s t a l l a t i o n  and an integrated checkout w i l l  be performed a f te r  
in s t a l l a t ion .  

End-to-end t e s t i n g  will be employed as t h e  bas ic  t e s t i n g  approach 
t o  prelaunch checkout. End-to-end t e s t i n g  i s  defined as applying 
an input stimulus (or  set  of s t imul i )  t o  an iden t i f i ab le  funct ional  
flow path o r  paths,  within the  system under t e s t ,  and measuring 
the  system response a t  the end of t h a t  flow path or  paths. 

It is  recognized t h a t  while end-to-end t e s t i n g  i s  t h e  best  approach 
f o r  an overal l  prelaunch checkout it w i l l  be necessary, i n  order 
t o  achieve a l l  of t he  prelaunch checkout objectives,  t o  deviate 
from t h e  basic approach i n  ce r t a in  cases. 
j u s t i f i ed  on an individual  basis .  

These cases w i l l  be 

Prelaunch checkout s h a l l  be performed a t  as high an assembly l e v e l  
as possible with t h e  object ive of mximum probabi l i ty  of malfunction 
de tec t  ion. 

The capabi l i ty  s h a l l  e x i s t  t o  i s o l a t e  a f au l t  t o  a replaceable unit 
when a malfunction i s  detected.  h c e p t i o n s  must be j u s t i f i e d  on 
the  bas i s  of s ign i f i can t  reduction i n  weight o r  complexity of f l i g h t  
equipment. 
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11. 

12. 

13 

14. 

15 .  

16. 

17. 

Elec t r ica l ,  mechanical and f l u i d  connections of f l i g h t  equipment 
s h a l l  not be disconnected f o r  equipment checkout a f t e r  the vehicle  
has been assembled and Fated. 

A l l  i n te r faces ,  both in t e rna l  t o  t h e  spacecraft  and external ,  s h a l l  
be ver i f ied .  

Spacecraft te lemetry ( f l igh t  PCM) wi l l  be u t i l i z e d  during prelaunch 
checkout t o  the  extent possible with no ACT3 carry-on dupl icat ion 
except f o r  those checkout measurements t h a t  require an accuracy 
beyond the capabi l i ty  of the  f l i g h t  PCM subsystem. 

Measurements t h a t  a re  required f o r  prelaunch checkout w i l l  be 
avai lable  i n  real-tine t o  ACE-S/C. 

T k x i m u m  u t i l i z a t i o n ,  consistent with safety, will be made of as t ro-  
nauts or equivalents and onboard controls  and displays during 
checkout. 

M a x i m u m  u t i l i z a t i o n  will be made i n  t h e  prelaunch checkout program 
of a l l  information and knowledge gained during t h e  ground develop- 
ment program. 

Common checkout l og ic  will be provided a t  a l l  “checkout” locat ions 
f o r  equivalent l e v e l s  of t es t .  

RCS and ECS Fluid Systems Checkout. 
modification, the  ascent stage will be t ransported t o  the West Call 
of the  HTB. 
t i o n  w i l l  be performed t o  provide coolant capabi l i ty  during subsequebt 
tests. 
Oxygen Supply and Cabin Pressurizat ion Sect ion and Water Nanagement 
Section plumbing. The ascent stage w i l l  then be t ransported t o  the  

Upon conpletion of t he  KSC 

Checkout and servicing of t he  ECS Heat Transport Sec- 

Leak and functional checks w i l l  be performed on t h e  K S ,  

iwlsoa . 
Cleaning, Dock Check and Fate. After t h e  ascent stage i s  t rans-  
ported t o  the  IGOB it will be i n s t a l l e d  i n  t h e  cleaning f ix tu re ,  
inverted and then moved t o  the docking f i x t u r e ,  f o r  t h e  LAB-CSM 
docking t e s t .  
w i l l  be moved t o  the  cleaning f i x t u r e  f o r  re inversion and Water 
Management, Heat Transport and Oxygen Supply and Cabin Pressurizat ion 
Sections checkout. The ascent stage w i l l  then be prepared f o r  mating 
with the  descent stage,  

Upon completion of t he  docking t e s t  t h e  ascent stage 

SLA Descent Stape F i t  Check. 
period the  Lab descent stage wi l l  be s tored u n t i l  required f o r  SLA 
f i t  check i n  the NSO3. 
s t  orage. 

After completion of t he  KSC modification 

No spec i f i c  area has been designated f o r  
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* d  

Jpon a r r i v a l  of t h e  descent s tage  a t  t h e  MSOB it w i l l  be t ransported 
t o  t h e  SLA stand f o r  a descent stage/SLA fit check. 
be moved t o  the  proper work stand fo r  mating with t h e  ascent stage.  
Heat Transport and Water Management Sections of t h e  ECS w i l l  be checked 
p r i o r  t o  mating t h e  descent and ascent stages.  

In s t a l l ed  System and Integrated Systems Tests  (Including Exp e r  b e n t  s ) . 
The objec t ive  of these  tests is t o  ver i fy ,  i n  an ambient environment, 
t h e  proper functioning of  individual  systems and integrated systems. 
Checkout a t  t h e  subsystems l e v e l  is required on Phase I Labs because 
o f  encompassing t h e  formal acceptance tes t  requirements due t o  f i e l d  
modification. 

The s tage  w i l l  then  
The 

After mating, the Heat Transport Section w i l l  be leak  checked and serviced. 
The Power Distr ibut ion Section and Instrumentation Subsystem capab i l i t y  
t o  support vehicle t e s t i n g  w i l l  be ver i f ied .  
v e r i f y  Alignment Optical  Telescope ca l ib ra t ion  and t h e  alignment o f  t h e  
S-Band antenna and experiment equipment. E l e c t r i c a l  and e l ec t ron ic  
subsystem t e s t s ,  GNCS polar i ty ,  and experiment v e r i f i c a t i o n  w i l l  be 
performed . 

Checks w i l l  be made t o  

The Phase I Labs w i l l  undergo a complete vehic le  system integrated checkout. 
A l l  vehicle  e lec t ronic  subsystems w i l l  be operated i n  an in tegra ted  
fashion s o  t h a t  a l l  possible  system modes a r e  ve r i f i ed .  
vehicle  EMC t e s t  w i l l  be performed i n  a shielded chamber-T!dsmonsta-ta 
t h e  a b i l i t y  of the e l e c t r i c a l  and e lec t ronic  subsystems t o  work together  
a s  a system, a mission-oriented "plugs out1' t es t  w i l l  be performed. The 
A E S  Lab w i l l  then be i n s t a l l e d  i n  t h e  a l t i t u d e  chamber. 

A llplugs outf1 

- Alti tude Chamber Tests. 
cabin leak,  and hatch operation tests w i l l  be performed p r io r  t o  evacuating 
t h e  chamber. The chamber w i l l  be evacuated with t h e  Lab unmanned, and 
ECS funct ional  t e s t s  w i l l  be performed t o  demonstrate t h e  capab i l i t y  
of t h e  ECS t o  support manned a l t i t u d e  t e s t s .  The s t r u c t u r a l  i n t e g r i t y  
of t h e  Lab, during emergency re-pressurization of t h e  chamber, w i l l  be 
demonstrated in t h e  unmanned a l t i t u d e  run. The manned a l t i t u d e  tests 
w i l l  demonstrate ECS and Crew Provisions c a p a b i l i t i e s  with a man i n  t h e  
loop. 
and t ransported t o  t h e  RFSTF. 

After i n s t a l l a t i o n  i n  t h e  a l t i t u d e  chamber, ECS, 

After t h e  manned a l t i t u d e  tests t h e  vehicle  w i l l  be deserviced 

RF Systems and CSM-Lab E l e c t r i c a l  Interface Tests. The vehicle  w i l l  be 
mounted on t h e  RFSTF three-axis posi t ioner .  
MSFN w i l l  be performed t o  verify t h e  compatibi l i ty  between t h e  Lab 
Communication Subsystem and MSFN. 
func t iona l ly  tes ted ,  u t i l i z i n g  an S-band source located a t  some d is tance  
from t h e  vehicle,  and motion inputs  t o  t h e  posi t ioner .  
t e s t  w i l l  be performed with t h e  use of t h e  three-axis posi t ioner .  
vehic le  w i l l  be oriented t o  various pos i t ions  s o  t h a t  a gross  determination 
of ASA sca le  fac tors  can be made. 
performed at  t h e  RFSTF (see p r i o r  paragraph, VSM-Lab In te r face  Test) .  

A communication tes t  with t h e  

The S-band s t ee rab le  antenna w i l l  be 
- __ - - - --- 

An-AGS dynamic 
The 

Lab EMC and Lab/CSM tests w i l l  be 
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- -  
Upon completion of t e s t i n g  at t h e  RFSTF, t h e  vehicle  will be t ransported 
t>o t.he I4SOR. 

Spacecraft  Stacking. 
Pyrotechnic c i r c u i t r y  w i l l  be ver i f ied  and t h e  explosive devices (minus 
i n i t i a t o r s )  mechanically ins ta l led .  
e x t e r i o r  refurbishment, t h e  Lab w i l l  be mated with t h e  CSM/SLA i n  t h e  
SLA stand. For Saturn I B  missions,  t h e  mated spacecraf t  (Lab/SLA/Boiler- 
p l a t e  CSM) w i l l  be t ransported t o  LC-37. 
spacecraf t  (Lab/SLA/CSM) w i l l  be t ransported t o  t h e  VAB. 

The Lab w i l l  be i n s t a l l e d  on a workstand i n  t h e  G O B .  

After thermal sh ie ld  i n s t a l l a t i o n  and 

For Saturn V missions t h e  

LEM Vehicle Schedules 

The LEM/AES Integrated Manufacturing Schedule, Figure 34, ind ica tes  
t h e  phasing required t o  in tegra te  t h e  AEs/LEM spacecraf t  i n t o  t h e  
present ly  planned Apollo LEM program without impairing t h e  L E M  schedule. 
The schedule meets t h e  planned launch da tes  of ?4L65-1. 
Phase I Laboratory vehic les  require rescheduling o f  LEM 5 and subsequent 
t o  e a r l i e r  completion da tes  i n  order t o  accomplish t h e  required in tegra t ion ,  
This plan permits a constant manufacturing r a t e  f o r  e f f i c i e n t  resources 
u t i l i z a t i o n  which provides L E M t o  KSC i n  time t o  allow f o r  modification 
t o  t h e  Lab configuration. 

A s  shown, t h e  

The Phase I Laboratory Modification Schedules, Figures 3 5  and 36 a r e  
based on t h e  study guidel ine requir ing a l l  Phase I vehicles  t o  be f ab r i -  
cated and assembled t o  t h e  IEM configuration a t  Bethpage and subsequently 
modified t o  each p a r t i c u l a r  laboratory f l i g h t  configuration a t  KSC. This 
schedule was  developed t o  accomplish t h e  m a x i m u m  modification of t h e  LEX 
vehic le  within t h e  ava i lab le  t i m e  period p r i o r  t o  t h e  start of t h e  pre- 
launch checkout. 
removal and i n s t a l l a t i o n  of system components. No f ab r i ca t ion  is an t i -  
c ipated f o r  t h e  KSC complex a s  I 1 k i t s f 1  w i l l  be manufactured and t h e  
mechanical i n t e r f aces  control led a t  Bethpage. 
provides f o r  a minimum of vehicle movements and mating-demating operations,  
and assumes t h a t  all experimentation packages w i l l  be i n s t a l l e d  simultan- 
eously with t h e  system and subsystem i n s t a l l a t i o n  operations.  
ments a r e  required t o  be tlbolt-on'l type with self-contained thermal 
management systems f o r  those experiments which cannot use ava i lab le  cold 
p l a t e s ,  and all mounting or  addi t ional  supporting s t ruc tu re  i s  t o  be 
supplied by t h e  experimentor. 
ex te rna l  t o  t h e  experiment package-envel-em be a Grumman respons ib i l i ty .  
If t h e  experiment i n s t a l l a t i o n  e f fo r t  is other  than described o r  cannot 
be performed in p a r a l l e l ,  t h e  modification schedule w i l l  r equi re  an increase 
t o  provide t h e  required period. 

The manufacturing t a sks  a t  KSC w i l l  be l imi ted  t o  

The modification flow 

The experi- 

All electric-&I. harnesses o r  plumbing l i n e s  

The f ac to ry  t e s t i n g  of t h e  modified vehicle  p r io r  t o  de l ivery  f o r  pre- 
launch checkout has been minimized t o  d e l e t e  any e f for t s  t h a t  are duplicated 
i n  t h e  checkout schedule. 
in tegra ted  i n t o  t h e  prelaunch t e s t i n g  schedule t o  reduce t h e  Acceptance 
Checkout Equipment (ACE) u t i l i z a t i o n  loading and reduce t h e  nodif i ca t ion  
cycle. 

The Formal  Engineering Acceptance Test w i l l  be 

0 
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The base l ine  Phase I Lab pre-launch operations time l i n e  establ ished by 
GAEC is  presented i n  Figure 37. 

i n  t h e  inteprated flow schedules shown i n  Figures 28and  29. 

This schedule has been p a r t i a l l y  
--a:*:-A L l̂ ^̂ l...̂ A L ,'-&.,-Po-,. ..-r..:nem--Ln 
i u v u I A L c u  c , ~  abbuuuiwudbe A a i u c A  A a u c  cyuir ciuc1tuG and ~ h a s i ~ ~  of CS??I o i ; e r ~ t i ~ i ~ s  

SPACE VEHICU ASSEMBLY, CHECKOUT AND PRE-LAUNCH OPERATIONS 

Launch complex assignment i s  dependant upon launch vehic le  assignment. 
Saturn IR missions employ e i t h e r  o r  both Complex 34 and Complex 37. 
Saturn V missions employ t h e  VAB and Launch Pads of Complex 39. 
i n t e n t  and sequence of  operations i s  v i r t u a l l y  t h e  same f o r  both cases.  
The CSM/LV and LAB/LV de ta i l ed  operations on Saturn IR missions a r e  
d i s i m i l a r  due t o  in t e r f ace  differences,  however, t h e  overa l l  requirements 
are t h e  same. 

The 

Launch Complex 37 w i l l  be equipped t o  support an unmanned tes t  of  t h e  
I S M  on t h e  Apollo Program. 
it was the re fo re  assumed reasonable t o  e s t ab l i sh  Complex 37 as t h e  launch 
s i t e  f o r  Lab vehicles  and Complex 34 for  CSM vehicles .  

Subject t o  f i n a l  ana lys i s  of compatibil i ty,  

The mated spacecraf t  (be it CSM, Lab o r  CSM and Lab) i s  moved t o  t h e  
launch complex and mated t o  t h e  launch vehicle.  Following in t e r f ace  
v e r i f i c a t i o n  of  SC-GSE and SC-LV connections t h e  sequence of t e s t s  
shown i n  Figures 2 2  and 2 3 a r e  conducted t o  ve r i fy  t h e  spacecraf t ,  
launch vehicle ,  launch complex, and mission contrcd. _ Q e r i m e n t  checkout 
w i l l  be in tegra ted  in to  t h e  basic  SC-LV oheckout without sohedule  impact. 
However, expe rhen t  ground support equipment/facil i t ies w i l l  be required.  
Perishable and consuvable elements of experiments w i l l  be i n s t a l l e d  as 
l a t e  as possible  i n  t h e  launch countdown. The exact time of  i n s t a l l a t i o n  
w i l l  be dependant on t h e  loca t ion  of the element and i t s  cha rac t e r i s t i c s .  

0 

Detailed planning f ac to r s  associated with launch complex operations on 
AES missions could not be developed i n  t h e  PDP study s ince  t h j s  planning 
is dependant on experiment and design d e f i n i t i o n  not ava i lab le .  
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LOGISTICS 

Existing Apollo Logistics Plans, such as t h e  Apollo Support Plan, 
SID 62-702-1,. Apolla Maintenance Plan, SID 62-702-2, Apollo Training Plan, 
SID 62-162, and AES Baseline Ground Operations Requirements Plan, SID 65- 
1151 were used as' a basel ine t o  help deternine t h e  d e l t a  support required 
f o r  t h e  AES Phase I experiments. 
f o r  t h e  Experimenter Contractor are  defined t o  t h e  extent t h a t  i n f o m a t i o n  
and/or concepts were avai lable .  
hardware requirements w i l l  be t h e  respons ib i l i ty  of t h e  Ekperiment 
Contractor. 
included t o  provide t h e  NASA w i t h  a preliminary look a t  t h e  Apollo Block I1 
AES d e l t a  support e f f o r t  f o r  t h e  ant ic ipated experiment systems. 

However, unique requirements r e q u i s i t e  

Responsibility f o r  t h e  d e f i n i t i o n  of GF% 

The probable support impact of t h e  AES Phase I missions i s  

EXPERIMENTS PAYLOAD INTEGRATION SUPPORT 

One of t h e  Prime object ives  of t h e  AES Phase I Experiment Support i s  
t o  minimize interference with CSN prelaunch operations and schedules. 
Experiment support w i l l  vary grea t ly  depending on t h e  size,  weight, 
locat ion,  complexity or pecular i ty  of t h e  experiment equipment. Multiple 
experiments programmed f o r  a specif ic  mission w i l l  require  a wide range 
of support requirements which must be integrated i n t o  t h e  overa l l  AES 
Phase I Support Program. 
defined early i n  t h e  experiment def in i t ion  phase t o  determine t h e  gross  
impact on spacecraft  assembly, checkout and prelaunch operations. The 
AES Phase I spacecraf t ' s  assembly i n  t h e  prelaunch sequence w i l l  d i c t a t e  
experimental equipment a c c e s s i b i l i t y  with respect t o  GSE and f a c i l i t i e s .  
Special  equipment, s k i l l s ,  materials,  environmental conditions, and access 
requirements f o r  servicing and maintenance must be i d e n t i f i e d  t o  ensure 
t h e i r  t imely a v a i l a b i l i t y ,  

Servicing and maintenance requirements must be 

The NAA AES Phase I Ekperiment Support Requirement Summary, Table 2, 
was developed from analysis of the individual experiments. The i n t e n t  of 
t h i s  analysis  w a s  t o  depict  t h e  support considerations necessary f o r  
performing experiment operations which r e l a t e  t o  program and spacecraft  
ground and in-mission requirements. 
requirements f o r  NAA-responsible experiments w i l l  be t h e  SI4 Sector I area  
and p a l l e t  experiment equipment. 
and complexity of t h e  type of experiments and equipment involved. 
CM experiment equipnents, such as sensors, regulators,  cameras and o t h e r  
hand equipment, w i l l  be smaller, more accessible,  and l e s s  complex. The 
SM experiment equipment s w i l l  include telescoping booms, e lec t ronic  
recorders, and nuclear enulsion stacks, and w i l l  be  more complex, la rger ,  
and non-accessible (during t h e  l a s t  10-20 hours before launch). 
experiments, such as t h e  bionedical-type, would not necessar i ly  require  
spec i f ic  support consideration, b u t  when combined, they may impose a 
v i t a l  impact on t h e  Apollo Block II/AES Phase I operation. 

The most c r i t i c a l  ground support 

This statement i s  predicated on t h e  s i z e  
The 

Individual 

For example, 
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.# 4 

0 
t r a i n i n g  of t h e  f l i g h t  crew t o  per fom individual  experiments on a mission 
i s  considered t o  be a nominal task,  but t h e  c r i t i c a l  t r a i n i n g  t a s k  w i l l  
be t h e  f l i g h t  crew's a b i l i t y  t o  perform a l l  of t h e  experiments in conjunction 
with spacecraft Is mission time and operations. 

The support requirment considerations denoted f o r  each experiment in 
Table 2, were based upon ava i lab le  experiment d e f i n i t i o n  data  and are 
subject t o  more specif ic  revis ion as t h e  de ta i led  experiment data  becomes 
avai lable .  The experiments are defined in SID 65-1537, Vxperiment 
I d e n t i f i c a t i o n  Description. 

Ehphasis w a s  directed towards t h e  support f o r  t h e  CSM experiments i n  
areas, such as supply support, maintainabili ty,  packaging, handling and 
t ransportat ion,  nodif i c a t  ion, s i t e  act ivat ion,  t ra in ing ,  technica l  data  
and maintenance. 
apply only t o  those d i rec ted  by t h e  NASA as a NAA respons ib i l i ty .  

A l l  experiments and associated d a t a  contained herein 

The following paragraphs descr ibe t h e  individual  support considerations 
as determined during t h i s  study. 

SUPPLY SUPPORT 

Because of the var ie ty  of experiments, t h e i r  equipment loca t ions  in 

The following 
t h e  space vehicle,  and r e l a t i v e  importance t o  t h e  mission, t h e  specif ic  
support requirements f o r  each experiment were considered. 
support considerations w i l l  apply generally t o  AES Phase I experiments 
and w i l l  be subject t o  individual  experiment ana lys i s  t o  ensure t h a t  
adequate and e f f i c i e n t  support i s  provided on schedule. 
includes t h e  pre-launch and on-board equipment and supplies required t o  
support t h e  experiments i n  excess of t h e  support requirements needed f o r  
t h e  spacecraft  operation and crew sustenance. 

Ekperiment support 

S c i e n t i f i c  experiments w i l l  normally be NASA/Government Furnished 
Equipment (GFE), i .e.,  equipment purchased by t h e  NASA and subsequently 
made ava i lab le  t o  t h e  spacecraft  contractors f o r  in tegra t ion  i n t o  t h e  
spacecraft  and ground support system. 
t h e  sme manufacturer's par t  number s h a l l  be physical ly  and func t iona l ly  
interchangeable . 

A l l  experiment equipment having 

The m e r i m e n t e r  w i l l  provide spares t o  t h e  following l e v e l s  a t  t h e  
launch s i te  and t h e  Vehicle Contractor 's  f a c i l i t i e s ,  as applicable:  

a. E l e c t r i c a l  and e lec t ronic  spares w i l l  be  provisioned t o  t h e  
replaceable package (black box) leve l .  

b. Mechanical spares w i l l  be  provisioned t o  t h e  lowest replaceable 
u n i t  level,  consistent with minimizing delays in f i e l d  and fac tory  
test  due t o  maintenance a c t i v i t i e s .  
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EXPERIMENTS 

NO. 

l*l-I+ 
M-5 
M-7 
M-8 
M - l l  
M-12 
M-17 
M-18 
M-19 
M-20 
$1-22 
M-23 
0103 

0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
01u 
0115 
0117 
0118 
o n 9  
0120 
0201 
0202 

0104 

0203 
N/N 
N/N 
N/N 

MSF-1 

T I T U  

IN-FLIGHT YHONOCwHDIWRAM 
HIOASSAYS OF N D Y  F L U I D S  
CALCIUM MANU3 STUDY 

CYTOGENETIC BLOOD S T U D I E S  
EXERCISE ERGOMETER 
THORALIC HLOOD FLOW 
VECTOR CARDIOGRAM 
ME"AL1OLIC RATE MEASURPIENT 
PULMONARY FUNCTION 
RED BLOOD C E U  SURVIVAL 
LOWJ3R BODY NEGATIVE PRESSURE 
CIRCULATORY DYNAMICS 
NORK CAPACITY 
BLOOD VOLUME CHANGES 
CAROTID BARORECEPTOR 
VENOUS COMPLIANL% 
CIRCULATORY REFLEX CHANCES 
A S S E S S  PUIMONARY FUNCTION 
VENTILATORY GAS MCHANCE 
MUSCLE MASS & STRENGTH 
MINERAL METABOLISN 
NUTRITIONAL STATUS 
GASTROINTESTINAL MOTILITY 
THERMAL RJZULATION 
ENDOCRINE FUNCTION 
HEMIC CELL 
MEMATOLOCICAL DEFENSES 
HEMOSTASIS 
SENSORY & PERCEPTUAL PROCESS 
PSYCHOMOTOR FUNCTIONING 
HIGHEX MENTAL PROCESSES 
SYNOPTIC WEATHER F'HCrrOGRAPHY 
w S T E W  PHrnOGRAPHY 
ASTRONOMICAL EXPERIMENTS ORIENTATION SYSTP!  
LUNAR MAPPING AND SURVEY PHOTOGRAPHY 

IN-FLIGHT SLeEP ANALYSIS 

SM PALLET EXPERIMENTS 
1. RADAR SCATTERING CROSS-SECTION MEASUREMENTS 
-- 
2. 
3 .  

4. 
5. 
6. 
7. 
8. 
9. 

O F  TERRAIN 
TEKPERATURE SOUKDING OF THE ATMOSPHERE 
ULTRAVIOLET MAPPING OF CELESTIAL SPHERE I N  
THE I230 A TO 1700 A RAND 
X-RAY A S T R O N W  
SPARK CH-R FOR GALACTIC GAMMA-RAY 
NUCLEAR EMULSION 
MEASl.JREXENT O F  ATMOSPHERIC I O D I N E  FROM ORBIT 
ZERO-GRAVITY S T U D I E S  OF PHYSICAL PROPERTIES 
FROG OTOLITH FUNCTIONS DURING ZERMRAVITY 

- 
2 
1 
1 

X 
X 
X 
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X 
X 
X 
X 
X 
X 
X 
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X 
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X 
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c.  Ground support equipment spares w i l l  b e  provisioned t o  t h e  lowest 

replaceable u n i t  l eve l ,  consistent with approved c a p a b i l i t i e s  at 
tes t  sites, t h e  Experimenter and Vehicle Contractor 's  f a c i l i t i e s ,  
and witnin c o d  - - - - L - - - : -  r e a b ~ d - ~ l t s  G ~ ~ & . , ~ ~ ~ ~ ~ ~ ~  I-+ h l 4 c h a A  hTr ud fhp _ _ _ _  NASA, 

C r i t i c a l  long lead-time experiment items must be i d e n t i f i e d  as soon 
as possible.  
development of t h e  complex experiment equipment and t h e i r  spares p r i o r  t o  
t h e i r  instal la t ion/ integrat ion with t h e  CSM. 

Approximately two  years may be required f o r  design and 

The KSC and Experiment Contractor w i l l  make warehousing f a c i l i t i e s  
avai lable ,  as necessary, at each applicable s i t e ,  t o  perform t h e  normal 
functions of storage, handling and issuing of experiments and associated 
equipment and t h e i r  spares. 

a. Experiment material and p a r t s  w i l l  be stored i n  a manner t h a t  
w i l l  prevent commingling, damage, corrosion, or contaminat ion. 

b. Preserved experiment items and age control led mater ia ls  w i l l  be  
h u e d  from stock on a f irst  in, first out, basis .  

C.  C r i t i c a l  experiment items and cal ibrated components w i l l  be  
stored i n  a bonded and environmentally control led area, as 
required. 

d. Ident i f ica t ion  and t r a c e a b i l i t y  controls  of experiment equipment s 
w i l l  be maintained. 

e. A preventive maintenance program, and periodic inspection of 
stored experiment a r t i c l e s  w i l l  be i n  e f fec t ,  and will support 
appl icable  specifications.  

Unique Ground Support Equipment and associated equipment s appl icable  
t o  experiment checkout, auxiliary,  service and handling reqvirements w i l l  
be t h e  respons ib i l i ty  of t h e  Ekperiment Contractors and furnished as 
p a r t  of t h e  equipment package. 

EXPERIMENT MAINTAINABILITY 

Due t o  t h e  time element involved i n  Phase I missions (Spacecraft 106, 
Fl ight  SA 211) assembly i s  scheduled t o  begin around August, 1966, t h e  
c lose  re la t ionship  between Apollo and AES hardware, and t h e  AES cons t ra in ts  
imposed by u t i l i z i n g  an Apollo Block I1 spacecraft, t h e  i n s t a l l a t i o n  of 
experiments w i l l  place t h e  burden of accommodation upon t h e  experiments 
r a t h e r  than t h e  Apollo hardware, Experiment equipnent maintainabi l i ty  
requirements must be developed and integrated in design early i n  t h e  AES 
Design Phase t o  provide adequate supportabi l i ty  of t h e  equipment items 
during ground and i n f l i g h t  operations. Consideration must b e  given t o  
AES modification requirements with respect t o  t h e  Apollo lunar  spacecraft  
configuration t o  eliminate interfacing problems caused by u t i l i z i n g  t h e  
bas ic  vehicle, (Block I I ) ,  f o r  two d i f fe ren t  programs. 

0 
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w e r i m e n t s  must be designed t o  ensure that maintenance and o the r  
support ac t ions  can be  performed within t h e  t h e - c r i t i c a l  l imi t a t ions  
establ ished by prelaunch opera t iona l  requirements. 
design and operation, vehicle  a c c e s s i b i l i t y  must be considered f o r  experi- 
ment servicing, tes t ing ,  inspect ion and replacing items, and requirements 
f o r  ca l ibra t ion ,  and spec ia l  t o o l s  or handling devices.  

During a l l  s tages  of 

Ekperiment equ ipen t ,  assmbly ,  inspection and t e s t i n g  requirements 

Test poin ts  and procedures w i l l  be required t o  i s o l a t e  a 
should be s implif ied t o  mhimize t h e  demands on prelaunch time, equipment 
and personnel. 
f a i l u r e  t o  t h e  lowest f i e l d  replaceable component of t h e  experiment. 
Requirements f o r  maintenance or servicing during KSC prelaunch operat ions 
xlust be carefu l ly  coordinated with launch operations.  If experiment 
maintenance i s  required, each backup component must be physical ly  and 
func t iona l ly  interchangeable, including i n e r t i a l  propert ies ,  with t h e  itan 
it i s  t o  replace,  
must adhere t o  t h e  Apollo-based maintenance l e v e l  concept as described 
in t h e  experiment maintenance por t ion  of t h i s  s ec t ion  of t h e  repor t .  

The maintenance requirements of t h e  experiment equipment 

The experimental p a l l e t  concept w i l l  permit i n s t a l l a t i o n  and t e s t i n g  
of experiments at loca t ions  separate  from t h e  spacecraf t  assembly a rea  
while minimizing in te r fe rence  with ground vehicle  t e s t i n g  operations.  
This concept i s  idea l ly  sui ted for experiments which require  t h e  support 
of special ized skills, t o o l s  and techniques, possibly in spec ia l  areas, 
which are not nomal ly  associated with spacecraft  operat ions,  
and t e s t i n g  can proceed without in te r rupt ions  caused by spacecraft  opera- 
t i ons .  

I n s t a l l a t i o n  

EXPEBIMENT PACKAGING AND HANDLING 

Ekperiments must be  packaged t o  provide adequate protect ion and 
prevention of contamination, de te r iora t ion ,  corrosion. 
and t ranspor ta t ion  w i l l  require t h a t  adequate s t ruc tu re  and cushioning 
be anployed t o  prevent d m g e  from in- t rans i t  shock, v ibra t jon  and ex te rna l ly  
applied loads.  Whenever possible,  equipnent and packaging should be designed 
t o  be t ransported and handled by c m o n  c a r r i e r  without spec ia l  handling 
devices o r  environmental controls .  
must be compatible with storage spec i f ica t ions  and servicing requirements 
of t h e  items. 

Ground handling 

The packaging of backup components 

MOD IFICAT ION 

Major modification t o  t h e  CSM t o  accommodate experiments i s  not  
an t ic ipa ted  a t  KSC; however, minor changes, i.e., wiring connections, 
unbi l ica l s ,  mounting brackets, etc. ,  w i l l  be necessary t o  accomodate t h e  
in se r t ion  of t h e  experimental packages. 

The Experimenter w i l l  normally be t h e  responsible .agency.for t h e  
modification of sc i en t i f i c  experiment equipment. 
ured by a sub-tier contractor,  t h e  experimenter w i l l  retain a primary 
r e spons ib i l i t y  and function accordingly. 

When equipment i s  manufact- 

0 
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I 

A l l  modification required f o r  experiment instal la t  i o n j i n t  egrat ion will 
be  accomplished a t  NAA during t h e  in-line cycle, unless  t h e  required 
modification becones necessary a f t e r  rece ip t  of t h e  CSM at  KSC. 
CS!! modif icat ion at KSC w i l l  be accomplished immediately a f te r  receiving 
inspect ion a t  t h e  i n d u s t r i a l  area. If t h e  modification involves a weight 
change, t h e  modified experiment must  be i n s t a l l e d  p r i o r  t o  t h e  weight and 
ba lv l ce  checks of t h e  CM and/or SI4 a t  t h e  NSOB or VAB, p r i o r  t o  t h e  mating 
of t h e  two modules. Experiments i n s t a l l e d  at KSC w i l l  have f i t  check and 
equipment storage space ve r i f i ca t ion  . 

Normally, 

Any experiment not i n s t a l l e d  i n  t h e  SM or CM p r i o r  t o  t h e i r  mating 
must be i n s t a l l e d  p r i o r  t o  f o u r  general checkout operations, i f  appl icable  
t o  t h e  eqer iment ;  po lar i ty ,  a l t i t u d e  chamber, RF and ordnance. If a n  
experiment i s  i n s t a l l e d  and then modified, and i s  a f f ec t ed  by, o r  a f f e c t s  
any of t hese  checkout operations, t h a t  experiment must be subjected t o  
t h e  applicable checkout a f te r  t h e  experiment r e inse r t ion  and/or reinstalla- 
t ion. 

Modification k i t s  required t o  incorporate experiments i n  t h e  CSM w i l l  
be  furnished by % I D  in accordance with ex i s t ing  procedures which are 
described in t h e  Apollo Support Plan, SID 62-702-1. This systen contains 
t h e  management cont ro ls  necessary f o r  authorizing t h e  f ab r i ca t ion  o r  pro- 
curement of modification k i t  s t o  meet spec i f i c  cont r a c t u r a l  requirement s. 
% I D '  s k i t  e f f o r t  noinal ly  includes t h e  provisioning, warehousing, 
accumulating f o r  shipment, and i n s t a l l a t i o n  of k i t s  a t  %ID o r  t h e  customers' 
t e s t  and operat ional  s i t e s ,  
t h a n  %ID) equipment and/or techniques are required, %ID w i l l  coordinate 
with t h e  Experhenter  and t h e  NASA, as required, t o  f a c i l i t a t e  t h e  modifica- 
t i o n  with t h e  least mount of mission impact. An example concerning 
possible  modification k i t s  at KSC would be t h e  Ul t rav io le t  S t e l l a r  Photo- 
graphy experiment (reference, SID 65-1537, Experhent  Iden t i f i ca t ion  
Description). 
l4ount t h e  camera t o  t h e  CM Adapter section; provide e l e c t r i c a l  cab le  
connectors Tor power and camera t h i n g ;  provide a mount assembly t o  permit 
i n s t a l l a t i o n  and removal of t h e  camera and a l s o  modification t o  permit 
launch storage f o r  t h e  experirnent can i s t e r .  

When unique or spec ia l  Experimenter (o the r  

Lodification K i t s  f o r  t h i s  experiment may be required t o :  

SITE ACTIVATION 

The AES Phase I missions w i l l  u t i l i z e  Launch Complexes 34 and 37 f o r  
checkout and launch of t h e  Saturn I B I S  and Launch Complex 39 f o r  checkout 
and launch of t h e  Saturn V I S .  Consideration f o r  expe rhen t  support f o r  
both complexes i s  required, 
a t  a l l  s i t e  locations,  necess i ta te  a j o i n t  e f f o r t  between t h e  Ekperimenter, 
t h e  NASA, and t h e  Vehicle Contractor t o  ensure t h e i r  a v a i l a b i l i t y  i n  
accordance with t h e  AES Phase I mission schedules. 

Appropriate expe rben t  f a c i l i t i e s  and GSE 

Experimenters w i l l  be required t o  f u l l y  descr ibe t h e  experiment t o  
t h e  d e t a i l  of i n s t a l l a t i o n  and t e s t  s i t e  requirements, including f a c i l i t i e s  
and GSE required f o r  storage, i n s t a l l a t ion ,  checkout, modification, and 
r epa i r .  From t hese  requirements, t h e  NASA/vehicle contractor  sha l l :  

4 7 - 8 7  - 
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1. Coordinate and e s t a b l i s h  in te r faces  between t h e  f a c i l i t y  and 
experhent/GSE t o  ensure in te r face  compatibil i ty.  

2. Determine where e x i s t i n g  or programmed Apollo ac t iva t ion  design 
could be u t i l i z e d  t o  s a t i s f y  AES Phase I experiment requirements. 

3.  Establish new o r  modified facility/GSE requirements. 

4. Provide scheduling and necessary milestone da tes  f o r  t h e  Fkperi- 
menter, Vehicle Contractor, and t h e  NASA facility/GSE s i t e  a c t i v a t i o n  
a c t i v i t i e s  t o  ensure spacecraft/experiment i n s t a l l a t i o n  and 
checkout requirements. 

5. Integrate  experiment a c t i v a t i o n  a c t i v i t i e s  i n t o  t h e  vehicle s i t e  
ac t iva t ion  program and continue in accordance with established 
practices.  

Some of t h e  AES Phase I experiments w i l l  preclude i n s t a l l a t i o n  of 
t h e i r  respect ive payloads a t  t h e  Experimenter's f a c i l i t y  and w i l l  have t o  
be h s e r t e d / i n s t a l l e d  a t  t h e  KSC. Environment, storage time, handling, 
and lead time w i l l  be  t h e  most s ign i f icant  f a c t o r s  involved. 
inves t iga t ion  has concluded t h a t  NAA Building 290, located a t  Downey, 
California,  o f fe rs  t h e  best  overa l l  advantages f o r  preliminary i n s t a l l a t i o n  
and checkout of the majori ty  of t h e  AES Phase I experiments. 
advantage would be predicated upon experiment a v a i l a b i l i t y  within schedule 
constraints ;  however, f i t  check could be accomplished a t  Building 290 on 
some experiments with mockup components i f  t h e i r  design dimensions are 
avai lable .  

However, 

This 

Building 290 o f f e r s  t h e  following advantages f o r  most experi- 
ment s : 

1. 

2. 

3.  

k .  

5. 

6 .  

I n s t a l l a t i o n  techniques, procedures, and technical  personnel 
could be accomplished in t h e  House Test Model. 

Experiment items would be incorporated during normal subsystem 
i n s t a l l a t i o n  imposing less schedule impact. 

Ready a v a i l a b i l i t y  of manufacturing personnel, s k i l l s  and equip- 
ment s. 

Building 290 i n s t a l l a t i o n  and checkout of experiments would leave 
major emphasis at KSC on a c t u a l  payload in tegra t ion  (VAB o r  MSOB). 

Maximum capabi l i ty  f o r  rework or modification. 

Avai labi l i ty  of t h e  House Test Model, and i t s  support, f o r  
special  t e s t s  and v e r i f i c a t i o n  of experiment procedures. 
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I 

EXPERIMENT TRAINING 

The basic kES  Phase I t ra in ing  object ive w i l l  be  t o  incorporate 
experiment requiranenis w i i h  othei? S S  Phase I missinr? t.ra.ining requirements. 
Training of f l i g h t  crew personnel involves carefu l  planning and programming 
in order  t o  achieve maximUm crew proficiency within A.ES Phase I mission 
schedules. Training i s  a l s o  required f o r  ground operations and support 
(mission planning and maintenance) personnel t o  enable them t o  p a r t i c i p a t e  
e f f e c t i v e l y  in t h e  de ta i led  technical planning of AES missions and a l s o  t o  
monitor and analyze spacecraft data during and a f t e r  f l i g h t .  
crew personnel w i l l  have previously undergone extensive t ra ining;  however, 
t h e  following items which comprise t r a i n i n g  f o r  a spec i f ic  Phase I U S  
mission i l l u s t r a t e  t h e  magnitude of t h e  addi t iona l  t r a i n i n g  required: 

The f l i g h t  

1. Final  refinement and pract ice  of spec i f ic  mission plans and 
procedures involving experiments. 

2. Part ic ipat ion i n  pref l ight  t e s t  and checkout of experiments, as 
required. 

3.  Specif ic  mission t r a i n i n g  i n  s c i e n t i f i c  experiments and data  
gat hering. 

4 .  Part ic ipat ion of t h e  crew i n  spec i f ic  mission experiments using 
t h e  Apollo Mission Simulator (ANS) or experiment t r a i n e r .  

Pract ice  and evaluation of possible  spec i f ic  mission experiment 
contingencies. 

5. 

Experimenters w i l l  be required t o  provide assis tance i n  t h e  development 
of t r a i n i n g  mater ia ls  and procedures and requirements for new and modified 
shula t  ion- st imulat ion device s . 

The nature of t h e  experiments w i l l  d i c t a t e  t h e  need f o r  simulation- 
SID 65-1539, Ground Support and Logistics,  defines s t imulat ion devices. 

t h e  preliminary experiment t r a i n e r  requirements f o r  t h e  AES Program. 
Complex experiments w i l l  require f l i g h t  qua l i f ied  or simulated experiments 
t o  be u t i l i z e d  i n  crew t r a i n i n g .  
required.  
U3l4 mission simulators o r  system t r a i n e r s  t o  incorporate t h e  AES Phase I 
experiments. Experimenters w i l l  be required t o  furn ish  these  devices or 
t h e i r  requirements t o  NASA o r  a NASA designated contractor  i n  addi t ion 
t o  t h e  experiment packages required f o r  qua l i f ica t ion  t e s t s ,  f l i g h t  a r t i c l e s  
and contingency backup. 

A n  experiment t r a i n i n g  system may be 
Additional functions w i l l  have t o  be added t o  t h e  Apollo or 

Examples of possible t r a i n i n g  necessary f o r  t h e  f l i g h t  crew would be: 
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Experiment 

Circulat  oxy Dynamic s 

Pref l i p h t  Training 

Each crewman w i l l  be required t o  a t t a i n  
proficiency in t h e  placement of sensors, 
attachment of instrumentation, and t h e  
use of t h e  required measurement devices 
and techniques . 
Each crewman w i l l  be required t o  a t t a i n  
proficiency in placement of t h e  mouth 
piece and nose occluding device, control  
of salvation, operation of t h e  gas 
meter-analyzer, method of handling t h e  
sample gas f o r  analysis,  a t tach ing  
sensors, and assembling and posi t ioning 
equipment t o  perform t h e  experiment. 

Each creman w i l l  be required t o  a t t a i n  
proficiency i n  t h e  use of t h e  ur ine 
volume measurement system col lec t ing  
samples and performing c e r t a i n  bio- 
chemical a n a l y t i c  procedures. 

- 9 0  - 

Gas &change 

Nut r i t iona l  Status  

Gastrointest inal  Mot i l i ty  Subject crewman will be required t o  
attain proficiency i n  t h e  extended use 
of t h e  endoradiosonde. 

Present planning f o r  p r e f l i g h t  tes t ing ,  maintenance and nodif i c a t i o n  
of spacecraft  involves par t ic ipa t ion  by t h e  NASA and %ID Agencies. 
such, a requirement e x i s t s  f o r  t r a i n i n g  support f o r  i n s t a l l a t i o n  personnel, 
acceptance checkout equipment (ACE) personnel, bench maintenance equipment 
( B I E ) ,  personnel, and in tegra ted  and combined systems checkout personnel. 

A s  

EXPERDENT TECHNICAL DATA 

Technical data required t o  checkout, i n s t a l l ,  operate and maintain 
experiments and equipment must be provided. Experimenter s drawings and 
spec i f ica t ions  w i l l  n o m a l l y  be required. 
requirements m y  include spec ia l  ins t ruc t ions  and such items as t ra in ing ,  
t e s t  tapes  and microfilm. The method, depth and format f o r  providing 
these  data  are l i k e l y  t o  vary f o r  d i f fe ren t  experiments and n iss ions .  
Matters f o r  consideration include t h e  degree of support t o  be provided by 
Experimenters i n  te rns  of special  s k i l l s  and knowledge, t h e  degree of 
s i m i l a r i t y  between t h e  experiment and t h e  spacecraft  operations f o r  which 
f l i g h t  and ground crews a r e  presently ski l led,  and locat ions and t imes when 
t h e  data  must be available.  

Additional Experimenter's 
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EXPERDENT MAINTENANCE 

Ikintenance, both scheduled and corrective,  w i l l  be predicated upon 
I ,  uie cies;igiied m a h t a 5 s b i l i t y  c?f ar? e a x p r i ~ p n t .  sii.hSystem and t h e  a v a i l a b i l i t y  
of c e r t i f i e d  par t s ,  equipment and t ra ined personnel. Experiments w i l l  be  
examined upon receipt  a t  KSC. 
port ion w i l l  be subjected t o  corrective maintenance. 
maintenance (A, By and C )  have been established on t h e  Apollo Program and 
thereby d i c t a t e  maintenance constraint  on experiment subsystems or 
elements within t h e  subsystem. 
i n  SID 62-702-2, Apollo Maintenance Plan. 

If damaged, t h e  experiment and/or damaged 
Three l e v e l s  of 

These levels of maintenance are defined 

Repair of s c i e n t i f i c  equipment a t  t h e  launch s i t e  or Vehicle Contractors 
f a c i l i t y  w i l l  consist  of Bench Test Equipment t o  be used f o r  malfunction 
v e r i f i c a t i o n  of packages (envelopes) removed because of suspected f a i l u r e .  
Malfunctioned packages s h a l l  be returned t o  t h e  applicable supplier.  
Spares c e r t i f i c a t i o n  will a l s o  require u t i l i z a t i o n  of avai lable  Bench Test 
Equipment. 

I4aint enance functions, preventative or corrective,  t o  be performed 
Certain i n f l i g h t  are t o  be determined f o r  each experinent and mission. 

operations such as i n f l i g h t  checkout and adjustment a r e  l i k e l y  t o  b e  
acceptable maintenance act ions,  whereas t h e  r e p a i r  or replacement of a 
f a i l e d  conponent w i l l  normally be beyond t h e  scope of i n f l i g h t  maintenance. 
If no i n f l i g h t  maintenance capabi l i ty  can be provided, consideration should 
be given t o  avai lable  a l t e r n a t i v e s  t o  performing t h e  planned experiment. 
i n  t h e  event of i n f l i g h t  experiment mlf 'unct ion or equipment f a i l u r e .  

Some of t h e  AES Phase I experiments w i l l  involve components and 
techniques which a r e  pecul iar  t o  the  individual  experiment. 
and equipment required f o r  assembly, checkout , i n s t a l l a t i o n ,  adjustment, 
f a u l t  i so la t ion ,  etc., must be ident i f ied.  Special  t o o l s  and equipment 
u t i l i z e d  i n  conjunction with individual experimental packages w i l l  be 
furnished by t h e  EkTerinenter. 
w i l l  normally be provided by t h e  NASA/Vehicle Contractor. 
w i l l  be made avai lable  t o  Experimenter or Vehicle Contractor personnel 
through Government Supply Authorization (GSA), i f  required. 
Government Furnished Equipment (GFE) will be u t i l i z e d  whenever possible.  

Special  t o o l s  

Equipment required for in tegra t ion  t e s t i n g  
Common t o o l s  

Exis t ing 

Accessibi l i ty  t o  experinents inser ted  i n t o  Sector I of t h e  SM w i l l  
require  removal of t h e  Sector panel. The Sector panel can be removed a t  
t h e  VAB or PISOB at KSC. ilmoval at t h e  pad of t h e  Sector I cover i s  not 
an t ic ipa ted  as it w i l l  not be accessible unless t h e  cover i s  redesigned. 
This design fea ture  i s  being investigated.  

IjIaintenance operations on experiment or spacecraft  equipment ins ide  
t h e  Sector I must be performed inside a portable  contamination shield.  
Time w i l l  have t o  be allowed f o r  t h e  shield erect ion.  
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A l l  access t o  t h e  SM w i l l  be l o s t  when t h e  Service S t ruc ture  moves 
away from t h e  pad (S-IB f l i g h t s  a t  T-5 hours and S-V f l i g h t s  a t  T-10 hours). 
The SI4 Sector panel cannot be removed a f t e r  t h e  hypergolics are loaded. 
This i s  scheduled at T-10 days. The VAB and MSOB w i l l  require a controlled 
environment she l te r  t o  provide high l e v e l  c lean air ,  such as 100,000 leve l ,  
when t h e  Sector I i s  open. 

I 

GSE requirenents comon t o  maintenance (spacecraft  and experiments) 
The launch should be avai lable  f o r  f a u l t  i so la t ion  a t  t h e  IJISOB and VAB. 

pad will not have t h e  required GSE avai lable .  GSX, o ther  than ACE-SC, i s  
required f o r  f a u l t  isolat ion,  adjustment and a l i g n i e n t  of some of t h e  
e x p e r k e n t s  and f o r  v e r i f i c a t i o n  of t h e  maintenance a c t i v i t y .  
be t h e  sane GSE that i s  used f o r  payload i n s t a l l a t i o n ,  except unique 
experiments where t h e  e,xperiment contractor w i l l  be responsible f o r  t h e  
maintenance requirements such as; special  t o o l s ,  t e s t  equipnents, and 

This w i l l  
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The r e s u l t s  of t h e  Mission Payload Integrat ion analysis of f a c i l i t i e s  
requirements i s  predicated on t h e  bas i s  t h a t  a l l  C 3 f  and I D 4  modification, 
support sub syst m i n s t a l l a t  ion, experiment or p a l l e t  form-f i t - funct ion 
checks, experiment PIA, ins ta l la t ion ,  funct ional  and integrated tes ts  
w i l l  be performed at KSC. 

IIPACTS AND FEQUIRFIENTS 

% I D  - Fabrication and t e s t  of modification k i t s  f o r  KSC i n s t a l l a t i o n  
requires  no addi t ional  f a c i l i t i e s  at %ID.  

KSC - Hodifications and additions t o  t h e  Manned Spacecraft Operations 
Building (HSOB) f a c i l i t i e s  w i l l  be necessary t o  accommodate CSM and ID4 
nodif icat ions,  experiment build-up of assemblies, checkout, maintenance, 
and storage. 

CSN F a c i l i t i e s  Ut i l iza t ion  

The integrated Block I1 program CSM f i e l d  operations flow was analyzed 
i n  respect t o  t h e  KSC checkout resources capabi l i ty .  This study was  based 
on t h e  schedules of Figures 2 7  through 2 9  . Also, t h e r e  i s  no s ignif icant  
decrease i n  loading on t h e  checbout f a c i l i t i e s  i f  t h e  CSI4 were ready f o r  
t h e  AES mission a t  delivery.  
t h e  l a t e s t  t i n e  which w i l l  neet  the assigned mission launch da te  (launch 
per  IsIL 65-1), f a c i l i t y  u t i l i z a t i o n  problem develop. 
i n  Figures 38 and 39, which re f lec t  t h e  prograin flow f o r  MDS11-1 and 
PiDS 11-2, respectively, where t h e  operations are scheduled i n  respect t o  
launch da te  requirenent only without regard f o r  delivery or resources 
capabi l i ty .  These schedules, evidence overload on checkout f a c i l i t i e s  
such as t h e  service propulsion s t a t i c  f i r i n g  f a c i l i t y  (Launch Complex #16), 
Crjogenic and Fuel Cel l  Test Facil i ty,  and integrated t e s t  s t a t i o n .  
Figures 40  and 4 1  were developed t o  deternine t h e  m i n i n u n  flow loading t o  
t h e  f a c i l i t i e s  by taking advantage of t h e  de l ivery  oversupport. 
HDS 11-2 i s  t h e  basel ine schedule used f o r  t h i s  study, a u t i l i z a t i o n  p lo t  
of a l l  t e s t  s t a t i o n s  i s  shown i n  Figure 4 1 .  It was determined t h a t  
s lack time was ava i lab le  on nost of t h e  tes t  s t a t i o n s  u n t i l  l a t e  i n  t h e  
Block I1 program. The propulsion, Hypergolic f u e l  c e l l  system, integrated 
systm and p o l a r i t y  and a l t i t u d e  t e s t  s t a t i o n s  were deternined t o  be t h e  
const ra ining elements. 

0 
If the  prelaunch checkout i s  perfo-med a t  

This can be seen 

Since 

Trade-off study of a l t e r n a t e  flow plans resul ted i n  t h e  program 
This plan a f fords  a reasonable schedule shown i n  Figures 42,and 43. 

degree of lunar mission coverage and supports t h e  desired AES Phase I 
mission launch dates.  
s e q e n t  of tes t  must be completed early in order  t o  c l e a r  t h e  MSOB checkout 
s t a t i o n s  f o r  downstream spacecraft. In t h i s  plan, each Lunar Landing 

Slack t imes  a r e  noted on some spacecraft where a 
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\ Mission CSM i s  s tar ted through prelaunch checkout short ly  af ter  del ivery 
t o  provide maxinwn backup t o  t h e  previous Lunar Landing mission spacecraft .  
It would be held i n  t h e  integrated and p o l a r i t y  t e s t  s t a t i o n  (Stokes Stand 
Number 2) i n  t h e  HSOB u n t i l  operations had t o  b e  resumed i n  order  t o  meet 
t h e  assigned launch schedule o r  re lease t h e  p o l a r i t y  t e s t  s t a t i o n  and 
a l t i t u d e  chamber f o r  t h e  next spacecraft. The need da te  f o r  t h e  next 
spacecraft  i s  determined by t h e  start of t h e  s t a t i o n  preparation. 

The polar i ty  s t a t i o n  was selected as t h e  hold point as it af fords  t h e  
c a p a b i l i t y  of re-running integrated systems tes ts ,  However, t h e  time from 
start of t h e  CSM in te r face  tes t  t o  launch may exceed ex is t ing  ca l ibra t ion  
periods on such items as t h e  G&N system. 
include consideration f o r  equipment operating t imes.  

F i n a l  def in i t ion  study must 

This program schedule assumes use of t h e  123 Systens Test F a c i l i t y  
f o r  t h e  CSPi RF t e s t s ,  but use of t h e  IGOB f o r  C S G L A B  e l e c t r i c a l  in te r face  
tests. It was determined l a t e  i n  t h e  PDP, t h a t  on t h e  rendezvous mission, 
t h e r e  was a requirement f o r  a complete EIIC t e s t  between t h e  CSM and WB 
t o  be performed a t  t h e  RFSTF. 
combined and performed at t h e  WSTF it w i l l  r e l i e v e  loading on t h e  p o l a r i t y  
t e s t  s t a t i o n  (Stokes Number 2). This would have a s l i g h t  a f f e c t  on t h e  
o v e r a l l  flow plan, but was determined t o  l a t e  f o r  incorporation i n  t h i s  

If t h e  1iF and CSN-LAB in te r face  t e s t s  a r e  

study. 

Figures 4 2  and 4 3  show t h a t  t h e  desired launch schedule can be 
generally supported. However, launch da tes  defined by t h e  CSI.1 requirements 
do not exact ly  match t h e  launch dates  of NL 65-1 o r  t h e  LE31 master schedules. 
In order  t o  optimize t h e  integrated schedules, sone adjustment t o  t h e  
launch dates,  within launch window constraints ,  appears desirable .  A 
n u t u l l y  negotiated master schedule should be establ ished upon f ina l  
d e f i n i t i o n  of individual C S I ,  LD4 and LV requirements. 

These 
i n  phasing 
highlighted 

studies also disclosed, but did not resolve, f a c i l i t y  problems 
f r o m t h e  Block I1 AES Phase I1 program. 
. i n  Figure 4 1. 

These are s p e c i f i c a l l y  
The allowed t i n e  f o r  s i t e  ac t iva t ion  t o  convert 

t h e  checkout s ta t ions  i s  inadequate. The p o l a r i t y  test  s t a t i o n  and 
a l t i t u d e  chamber a r e  t h e  c r i t i c a l  areas .  
s t a t i o n  i n  t h e  MSOB was reconmended i n  t h e  AES PDP final report  SID 65-1539, 
Ground Support and Logistics.  
t h e  in te r fe rence  between Block I1 and AES Phase 11. Phase I1 schedule 
ad justment m a y  be required. 

.An addi t iona l  integrated t e s t  

This w i l l  re l ieve,  but not e l b i n a t e  en t i re ly ,  

-----IC Phase I Lab Util izat ion 

In tegra t ion  of t h e  AFS Phase I and Apollo Lunar nissior-s changes t h e  
f a c i l i t y  requirenents a t  KSC. 
Figures 4 4 and 4 5. 

The f a c i l i t i e s  loading is'shown i n  
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1 

An AES Phase I Laboratory modification a rea  w i l l  be required t o  be 
act ivated a t  KSC by February 1966, t o  support Mission 507. 
w i l l  be used for disassembly, assenbiy and f i n a l  assmbiy  acceptance 
tes t  on t h e  I D 1  Laboratory vehicle f o r  Kission 599. 
elso provide t h e  addi t iona l  bench support area required f o r  t h e  AES Phase I 
Laboratory as compared t o  a basic LD4. 
f a c i l i t i e s  will support t h e  Laboratory pre-launch checkout operat ions 
except as noted below. 

This f a c i l i t y  

This f a c i l i t y  mist 

The Apollo progran LE4 prelaunch 

1. The K3OB requires an addition of an  D4C shielded chamber in order 
t o  support t h e  Phase I Lab El41 t e s t  described in a previous 
section of t h i s  report .  
denonstrate t h e  ET4C charac te r i s t ics  of t h e  Lab af ter  KSC modifica- 
t i o n  and in tegra t ion  of experinents. 
on : 

The shielded chamber i s  necessary t o  

This requirement i s  based 

The r e l a t i v e l y  high and var iable  ambient EN1 l e v e l s  
a t  t h e  KSC t e s t i n g  f a c i l i t i e s .  

Low Lab communication c i r c u i t  margins under operating 
conditions. 

Detection and correction of E2IC anomalies not determined 
i n  t h e  development program because of malfunction 
d i f  f e renc e s . 
Verification of t h e  absence of a l l  ENC anomalies t h a t  
were detected during t h e  development program. 

Verif icat ion of t h e  magnetometer experiment s operations 
i n  t h e  spacecraft. 

2. As s t a t e d  under CSN operations above, t h e r e  i s  a requirement f o r  
an integrated spacecraft tes t  s t a t i o n  f o r  t e s t i n g  CSl.I/Id3 func- 
t i o n a l  interfaces .  This s t a t i o n  i s  cur ren t ly  defined as support- 
ing, as a m i n h u m ,  a s h u l a t e d  (cable connected) docked 
configuration combined s y s t m s  t e s t  on a l l  except t h e  rendezvous 
missions. A f a c i l i t y  i s  required f o r  a physically docked E3IC 
t e s t  on t h e  rendezvous missions. It i s  recomended t h a t  t h i s  
be provided at t h e  RFSTF and be used f o r  a l l  missions. 

e 
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1969 

F i g u r e  45. 

1970 1 5 7 1  

N D  
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